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10,000 CONFIGURATIONS — 
EACH WITH 10,000 SPEEDS! 


Choose from thousands of different shapes, sizes, attitudes, mountings, horsepowers, enclosures, 
ungeared or geared combinations—choose the U.S. VARIDRIVE MOTOR that exactly fits your 


application! U.S. introduced the first self-contained a.c. motorized variable speed drive for industry 


in 1932! Ever since, U.S. design engineers have been developing new Varidrives to combine new 
characteristics... new controls, too: Manual, mechanical, electrical remote control, and automatic 
control. Ratings available: % to 75 h.p. (Send for free 16-page color Varidrive Bulletin, No. F-1797.) 
For your variable speed application, specify: 


U.S.VARIDRIVE motors 
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UPRIGHT VARIDRIVE MOTOR 4 1/4 TO 1 HP. 
WITH VARITROL AUTOMATIC CONTROL \ 7 WITH HAND CONTROL ASSEMBLY 





VARIDRIVE 
WITH INTEGRAL GEARING, MOTOR 
AND TAKE-OFF SHAFT SAME SIDE 


VARIORIVE MOTOR WITH 
INTEGRAL RIGHT-ANGLE 
WORM-GEARING 
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7\{ —— U.S. ELECTRICAL MOTORS INC. 


P.O. Box 2058, Los Angeles, California or Milford, Connecticut 








€Circle 101 on Inquiry Card 


In New Departure’s full-time noise analysis 
program, a unique sound booth and special 
electronic sound level equipment are used to 
pinpoint and evaluate electric motor noise. 
Inside the booth, a condenser microphone picks 
up air-borne noise from the running motor. 
Outside, the signal is electronically registered 
and recorded. 


By changing one variable at a time, such as 
bearing or mounting design, or lubricant, N/D 
engineers are able to select the proper com- 


Neg 


ARINGS 


BALL BSB 


N/D sound booth for analysis of electric motor 
noise, mounted on springs and constructed 
with non-parallel walls, assures manufacturers 
a scientific solution to electric motor noise 
problems. Motors are tested with special 
electronic sound evaluation equipment. 


How ““é Minimizes Electric Moror No/se / 


bination that results in the quietest motor 
operation. That’s why you’ll find New Depar- 
ture precision ball bearings specified for electric 
motors to be used in quality home appliances, 
instruments, fans, hand tools and other appli- 
cations ... for greater consumer sales appeal. 


If you have an electric motor noise problem, 
contact the N/D Sales Engineer in your area. 
For additional information call or write New 
Departure Division, General Motors Corpora- 
tion, Bristol, Connecticut. ; 


DON’T MISS N/D’S EXHIBIT! 
BOOTH 633 
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proved reliability you can build around 
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We promise you a reply 


within one week 


The complexity of modern 
technology... the.rapid increase in 
the number of specializations, ..and 
the frequent shifts in technological 
emphasis all have combined to 
require a staff of alert, aggressive, 
creative teams of engineering 
specialists. Their responsibility is 

to assist management in the formu- 
lation of plans for future efforts. 


For our purposes the teams should 

be staffed by graduate Electronic 
Engineers and Physicists who have 
acquired several years of experience 
with.radar, guided missiles, 

computers, infrared detection, 

nuclear radiation equipment, ip 


Opportunities in: micro-electronics, underwater 


Exploratory Studies - Advanced Planning - Systems Analysis ¥ 


detection, space propulsion systems 
or related areas. Several of the 
positions require the ability to 
present contract proposals to both 
technical and non-technical 
officials. Other positions require the 
ability to do preliminary systems 
design, There are twenty-three 
openings in the above areas at the 
present time. 


All of the positions involve close 
associations with senior engineers. 
All of the salaries reflect the 
unusual backgrounds required. 


Please airmail your resume to 
Mr. Robert A. Martin 


Supervisor, Scientific Employment 
Hughes Engineering Division 
Culver City, California 


Creating a new world with ELECTRONICS 


©1960, HUGHES AIRCRAFT COMPANY 


ENGINEERING DIVISION 
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this is GRAPH TTAR. 


(CARBON-GRAPHITE) 


successful in a wide variety of applications 


MOVIE PROJECTOR built by Bell & Howell 
Company utilizes GRAPHITAR bearing in the front 
reel assembly. The company installs GRAPHITAR 
bearings in five models of their Filmosound line of 
16mm sound motion picture projectors, used widely 
in schools, churches and in industry. The GRAPH- 
ITAR bearings have been used continuously in this 
line of equipment for more than 15 years . . . and 
have given outstanding, maintenance-free perform- 
ance. The hardness and self-lubricating qualities of 
GRAPHITAR aid in the smoothness and quietness 
of operation in this equipment. 


SOLENOID VALVES manufactured by Valcor 
Engineering Co. for use in guided missiles incor- 
porate a floating seal of GRAPHITAR. This seal 
is a precise, optically flaa GRAPHITAR disc 
which floats in the plunger. A slight pressure, from 
either direction, moves the disc against an equally 
optically flat, stainless steel seat, sealing perfectly. 
Solenoid valve improves with use due to unique 
self-lapping action of GRAPHITAR. 


THE UNITED STATES 


GRAPHITAR® carson-ceapnitt © GRAMIX® powoer'metaiurey © MEXICAN? crapuine prooucts © USG° prusues 
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HERMETICALLY SEALED 
MOTOR-PUMPS have been developed by 


Westinghouse Electric Corporation to handle 
radioactive water with zero leakage. The thrust 
bearings utilized in these pumps are self-equal- 
izing, water-lubricated, pivoted-pad bearings with 
inserted carbon-graphite (GRAPHITAR) bearing 
surfaces. The radial sleeve bearings are also made 
of GRAPHITAR and are designed to be lubri- 
cated by the pumped fluid only, in this case, radio- 
active hot water. These same pumps have proven a 
convenient means of pumping high temperature 
fluids for a number of nuclear reactors and other 
high pressure, high temperature fluid applications. 


SMALL ROTARY PUMP manufactured by 
Procon Pump and Engineering Company utilizes 
liner, vanes, end-plate bearings and seal ring of 
GRAPHITAR. The four GRAPHITAR rotor-vanes 
run directly against the GRAPHITAR liner. By run- 
ning GRAPHITAR against GRAPHITAR, the self- 
lapping, self-lubricating and astonishingly long- 
wearing qualities of GRAPHITAR are employed to 
full advantage. Procon pump operates at close to 
100° efficiency .. . indefinitely. 


Detailed design data with 
typical applications, proper- 
ties and characteristics of 
versatile GRAPHITAR are in- 
cluded in Bulletin #20. Write 
for your free copy. 
® . 
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In this ISSUE 


Basic Science and Engineering Your Classification: 


Chemistry 
Physics 


* Introduction to Molecular 
Engineering 


An examination of the concept, principles and techniques of 
molecular engineering in terms of its ultimate use in the 
design of equipment and systems. Brief examples are given. 
The classical macroscopic approach to the properties of ma- 
terials is surveyed, followed by a similar survey of the 
microscopic or molecular approach. Extended examples of 
molecular engineering are given in the fields of electrical 
insulation, thin films, microwave amplifiers, and  micro- 
miniature electronic function blocks. 


Alex E. Javitz, Special Features Editor, EvectricaL MANt 


FACTURING 


1960 May p 35 20 pp 


Electrical Manufacturing 


Your Classification: 
Systems and Servos 


Dynamics of Hot-Gas Servos 


A description and analysis of the hot-gas servo, which 
is being used in many applications (particularly missiles) 
to replace standard hydraulic systems. The special problems 
which confront the designer with regard to dynamic per 
formance, including analysis of the system transfer function. 
are given. Particular emphasis is given to characteristics of 
valves and actuators 


R. V. Halstenberg and W. A. Kaufmann, Convair, San Diego, 
Calif. 


Electrical Manufacturing 1960 May p 165 6 pp 


Your Classification: 
Integral Horsepower 
Testing 
Components 


Low-Noise Motor Design 


4 program to develop quiet motors for submarine and com 
mercial applications led directly to a study of noise specifica- 
tions and measurement. Test methods and mechanical and 
electrical factors for reducing motor noise are discussed. 


H. Shapiro and W. H. Fallon, Electro Dynamic Div., General 
Dynamics Corp., Bayonne, N. J. 
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Materials, Mechanical /Structural Your Classification: 


Nonmetallic Materials 
Design Considerations 
Materials Selection Factors 


% Plastics Molding Materials for 
Structural and Mechanical 
Applications 


A review of plastics molding materials, based on structural 
and mechanical properties and design parameters. Newer ma- 
terials are described in detail. Significance of test methods is 
discussed. Supporting tables and grahs. First in a projected 
series of articles on functional plastics for the design engineer, 


H. E. Barkan, Associate Editor, and A. E. Javitz, Special 
Features Editor, EtecrricaL MANUFACTURING 


Electrical Manufacturing 1960 May p 59 11 pp 


Computers Your Classification: 
Design Engineering Applications 

Contro! 
Systems 


Power-Supply Circuit Design 
By Digital-Computer Method 


The design of power-supply circuits is one example of the 
way the design engineer can use a high-speed digital com- 
puter to relieve him of time-consuming, routine chores. A 
comparison of laboratory data with computed data is given 


H. J. Joyal, International Business Machines Corporation, Inc., 
Poughkeepsie, N. Y. 
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Components, Mechanical/Structural Your Classification: 


Bearings 
Instruments and Test Equipment 
Design 


% Precision Ball Bearings for 
Electromechanical Instruments 


Elements of ball-bearing application factors in representative 
types of critical instruments such as servos, synchros, resolvers, 
gyro gimbal bearings and gyro spin motors. Bearing design, 
materials, lubricants, load-life expectancy and fits are dis 
cussed as related to bearings approximately 1 in. OD and 
smaller. 


W. W. Antrim, New Departure Div., General Motors Corp., 
Sandusky, Ohio. 
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¢ Quick interpretations of feature article content 


e Subject-classified annotated references for clipping and pasting on standard 3 x 5 cards 


¥& Reprints available—see pages 326 and 340 


For your copy of the ELECTRICAL MANUFACTURING Subject Classification, circle Number 938 on postcard at end of book. 


Materials, Electricai/Electronic 
Electrical Insulation and Dielectrics 

Production and Assembly Techniques 
Embedded Circuits and Components 


Your Classification: 


Materials and Techniques for 
Resin-Encapsulated Missile Circuits 


Casting-resin materials and application methods for circuit 
units in missiles are discussed. In the first case, materials 
and processes for foam-resin potting of units in a British air- 
to-air missile are detailed; in the second, epoxy encapsulation 
and flexible Thiokol-epoxy seals in a ship-to-air missile. 


Staff Report. 


Electrical Manufacturing 1960 May p 70 6 pp 


Your Classification: 
Systems 
Computers 
Design Engineering Applications 


Digital Speed-Control Analysis 
By Analog-Computer Methods 


A numerical speed-control system combining analog and 
digital computer methods is described. Transient performance 
is investigated (by the application of analog simulation 
techniques) for changes in reference speed and operating 
load. The results show the effects of sampled-data and 
quantized-data operation upon the performance of such 
systems. 


D. W. Leiby, General Electric Company, Schenectady, N. Y. 


Electrical Manufacturing 1960 May p 178 8% pp 


Components, Electrical /Electronic Your Classification: 


Design Considerations 
Miniaturization 


Materials and Techniques for 
Microminiaturization — 1 


Part 1 of a two-part article giving, in detail, the history and 
current state of the art of the reduction of the size of elec- 
tronic equipment through component miniaturization. Com- 
ponents covered in this section are substrates, conductors and 
resistors. Includes extensive bibliography. 


P. J. Franklin and E. F. Horsey, Diamond Ordnance Fuze 
Laboratories, Washington, D. C. 


Electrical Manufacturing 1960 May p 274 7 pp 
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Materiats, Electrical /Electronic 

Magnetic Materials 

Materials, Mechanical /Structural 
Metals 


Your Classification: 


Magnetic Core Materials for 
Extreme Environments 


Magnetic core materials for transformers are evaluated for 
operation at elevated temperatures (600 C) and for nuclear 
radiation environment. Data reported are results of research 
by the Air Force, Bureau of Ships and British Royal Radar 
Establishment. One material, silicon-iron, was considered out- 
standing for the conditions of testing. 


Staff Report. 


Electrical Manufacturing 1960 May p 76 5 pp 


Instruments & Test Equipment Your Classification: 


Applications 
Testing 
Components 


* How to Make Basic 
D-C Measurements 


I'he standard resistor and the standard cell are basic to setting 
up an electrical standards laboratory in the plant. How direct- 
reading and universal-ratio sets can be calibrated by “boot- 
strap” methods, starting with standard resistors. How two 
types of instrument potentiometers can be calibrated using the 
standard cell and a universal-ratio set. 


Kelley, Physics Research Laboratories, Inc., Hempstead, 


J. B. 
N.Y. 


Electrical Manufacturing 1960 May p 224 14 pp 


Components, Electrical /Electronic Your Classification: 


Semiconductor Devices 
Design Considerations 
rmal Design Factors 


% Thermoelectric Heat Pumps 


Present technical capabilities of (1) thermoelectric elements 
for designing small heat-pump devices and (2) packaged 
thermoelectric coolers for electronic components. 


W. V. Huck, Minnesota Mining and Manufacturing Co., St. 
Paul, Minn.; J. Taylor and A. Mulicia, Westinghouse Electric 
Corp., Youngwood, Pa. 
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SILICON 
AND 
SELENIUM 


TO 1 AMP. 


*SPECIAL 
MILITARY 
TYPES 


Special! config 
urations and 
high reliability 
rectifiers for 
military applica 
tions may be 
obt ed under 
our “Prescribed 
Reliability” Pro- 
gram. Address 
‘our inquiry to: 
ilitary Prod- 
ucts Dept. 


SILICON 
AND 
SELENIUM 


TO SEMICONDUCTOR 


ELECTRON ic TYPES FOR INDUSTRIAL AND MILITARY APPLICATIONS 


MINIATURE SILICON POWER DIODES 


Ratings: 100 te 600 PIV, Up te 500 ma. 
Specifically designed for missile and airborne 
equipment applications where miniaturization 
and reliability are prime factors. Hermeti- 
cally sealed, all-welded, pigtail lead construc 
tion. Manufactured to meet the most rigid mil 
Itary requirements. Hequest Bulletin $R-203 


SELENIUM RECTIFIER STACKS 


Ratings: From 100 ma. to 50 Amps. 
forward voltage drop and low leakage 
characteristics make this series ideal for a wide 
variety of power applications. For details re- 
quest Bulletin C-349, (26 volt Bulletin 
$R-160, (45 to 52 volts per cell) and Bulletin 
$R-152, on high current density cells. 


Low 


cells 


HIGH VOLTAGE SILICON POWER DIODES 


Rating: 600 to 2400 volts PIV + 100 to 125 ma. 

‘Three types available. Hermetically sealed, 
pigtail construction. Style J rated at 600 to 
1000 volts PIV at 125 ma. Bulletin SR-138E 
Styles K and L with PIV ratings from 600 to 
2400 volts at 100 ma. de output current are 
described in technical detail —Bulletin $R-157, 


PIGTAIL TYPE SILICON POWER DIODES 


Ratings: 50 to 600 volts PIV * 250 to 750 ma. 
An extensive line of silicon power diodes for 
military and applications featuring 
all-welded, hermetically sealed construction. All 
designed and manufactured to meet the most 
rigid military requirements. For complete tech- 
nical data, write for Bulletin $R-202, 


industrial 


TSG SU Be ie ithe al a 


Ratings: 25 to 156 volts AC, 50 to 1,200 ma. DC 
The widest range in the industry! Designed for 
Radio, Television, TV booster, UHF converter 
and experimental applications. Input ratings 
from 25 to 156 volts AC and up. DC output 
current 50 to 1,200 MA. Write for application 
information. Bulletin ER-178-A 


HIGH VOLTAGE SILICON CARTRIDGE RECTIFIERS 


Ratings: 1000 to 20,000 volts PIV @ 45 to 440 ma, 
Especially suited for miniaturized military 
equipment where optimum reliability is a prime 
factor. Standard types for, normal convection 
cooling and high current types for forced air 
Hermetically sealed, metallized 
Request Bulletin $®-225. 


or oil cooling. 
ceramic housing 


SSO es ee ee 


iD 
~~ « 
Ratings: 50 to 600 voits PIV + 400 ma. to 1 amp. 
Industrial and military types including the 
1N253, 1N254 and 1N255. Stud mounted, her 
metically sealed, all-welded construction. Oper 
ating temperature range: -55°C to + 150°C 
Designed and manufactured to meet most 
rigid military specifications. Bulletin SR-135C 


pT TSI) Bee Mian 82) ab) 


Ratings: 400 PIV, up to 750 ma. 
SD-500. A hermetically sealed, all-welded sili- 
con junction rectifier offering maximum relia- 
bility in the high temperatures encountered in 
TV applications. Pigtail leads eliminate the 
need Ee brackets, blocks, etc., simplify instal- 
lation. For complete data: Bulletin $R-201 


SSR mee ae ee tae lane ah 


Ratings: 20 to 20,000 volts * 0.2 to 195 ma. 
Designed for long life and reliability in half 
wave, voltage doubler, bridge, center-tap cir- 
cuits, and 3-phase circuit types. Phenolic 
cartridges and hermetically sealed types avail 
able. Operating temperature range: -65°C to 
+ 100°C. For details specify Bulletin H-2, 


SL eisai 


Ratings: 20 to 160 volts * 100,a to 11 ma. 
Ideal components for bias supplies, sensitive re- 
lays, computers etc. High resistance, (10 meg- 
ohms and higher at —10 volts). Excellent linear 
forward characteristics. Extremely small, low in 
cost. Encapsulated to resist adverse environ- 
mental extremes. Bulletin SR-163 


HIGH Q@ VOLTAGE VARIABLE CAPACITOR 


Ratings: @ of 1000, 200 Piv DC 


Semicap’s small size, light weight, high relia- 
bility and low power requirements make it 
ideal for automatic frequency control, fre- 
quency modulation oscillators and filter 
networks. All-welded hermetically sealed, 
shock-proof housing. Request Bulletin $R-205. 


SILICON RECTIFIER TUBE EQUIVALENTS 


Ratings: 85 to GOO ma © 1500 to 6000 PIV. 
Highly reliable series of tube replacement rectifiers 
rated from 1500 to 6400 PIV; 85 to 600 ma (including 
the ST-7 replacement for the 866 Tube ) offer the supe- 
rior characteristics of silicon on a wide range of high 


voltage applications 


For complete data; Bulletin $R-209 


EXECUTIVE OFFICES: EL SEGUNDO, CALIF, 


The World’s Largest Supplier of Industrial Metallic Rectifiers + Selenium * Germanium * Silicon 





RECTIFIERS FORALL DC REQUIREMENTS...FROM MICROWATTS TO MEGAWATTS! 


All designed and manufactured to meet the most rigid military requirements! 


POWE R TYPES FOR INDUSTRIAL AND MILITARY APPLICATIONS 


SILICON 
AND 
SELENIUM 


TO 150 AMPS. 


SILICON, 
SELENIUM 
AND 
GERMANIUM 


TO 670 AMPS. 
PER JUNCTION 


SPECIAL 
SEMI- 
CONDUCTOR 
AY es 
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Ratings: 6 and 12 Amps © 50 to 500 PIV. 
Precision-controlled diffusion process insures optimum 
operation and high uniformity of characteristics over 
the entire operating temperature range. Full 6 or 12 
ampere output current over a PIV range from 50 to 
500 volts. Rugged, all-welded construction. 

Bulletin XSR-308. 


250 AMP. SILICON POWER DIODES 


Ratings: 50 to 500 volts PIV * 75 to 250 Amps. 
Standard and reverse polarity types offered in 
a series of machine thread and pipe thread 
mounting styles. Complete assemblies in all 
circuit configurations also available. Rugged 
construction and hermetic sealing assure long 
life and reliability. Ask for Bulletin SR-305 


SELENIUM CONTACT PROTECTORS 


Complete series of AC and DC types. 
Designed to eliminate arcing and erosion 
across the contacts of relays, switches, etc. 
A complete series in each of three basic 
types: diode type, cartridge type and her 
metically sealed types for industrial appli 
cation. For complete data: Bulletin SR-150-A 


Ratings: 25 to 35 Amps © 50 to 500 PIV. 
5) to 500 PIV Rated “Quad-Sealed” power diodes are 
low in cost yet provide extremely stable operation on a 
wide range of commercial applications. 4-layer “Quad- 
Seal” process assures high resistance to humidity, 
shock, vibration and temperature extremes. 


Bulletin SR-310. 


SSG ST Me hee 2 ae ak) 


Ratings: 6 to 30,000 volts + 50 to 2,300 Amps. 
Specifically designed for industrial DC power 
needs. Patented construction features assure 
long life. Descriptive bulletins available are: 
Bulletin C-349, (26 volt cells); Bulletin SR-160, 
(45 to 52 volts per cell) and Bulletin §R-152, 
on high current density cells. 


SILICON VOLTAGE REGULATOR ZENER DIODES 


Ratings: From 600 milliwatts to 10 watts 
A complete series in 6 types. Miniature single 
junction types, multiple junction types and 
double anode units. 750 milliwatt and 1 watt 
types: Bulletin $R-251, 3.5 and 10 watt types: 
Bulletin $R-252, Multiple junction 5 watt 
types: SR-253, Double anode types: SR-254 


® OREGON 8-6281 e CABLE ADDRESS: RECTUSA 


NEW YORK CITY AREA OFFICE: 


1580 Lemoine, Fort Lee, 


N.J., Windsor 7-3311 


NEW YORK STATE AREA OFFICE: 2366 James St., Syracuse, N.Y., HEmpstead 7-8495 
CHICAGO AREA OFFICE: 205 W. Wacker Dr., FRanklin 2-3888 


NEW ENGLAND AREA OFFICE: 17 Dunster St., Cambridge, Mass., 


UNiversity 4-6520 


PENNSYLVANIA AREA OFFICE: Suburban Square Bidg., Ardmore, Pa., Midway 9-1428 
MICHIGAN AREA OFFICE: 1799 Coolidge H'way, Berkley, Mich., Lincoln 8-1144 


Rating: 50 to 500 volts PIV * 25 to 45 Amps. 
Advanced ceramic techniques assuring excel. 
lent thermal characteristics and mechanical 
stability are used in the production of these 
highly reliable, hermetically sealed rectifiers 
for military or industrial applications. For com- 
plete technical data, request Bulletin $R-306 


GERMANIUM POWER RECTIFIER JUNCTIONS 


Ratings: 500 amperes * 26 to 66 volts rms 
High capacity junctions especially designed 
for high-current, low-voltage electrochemical 
installations. Air cooled, these hermetically 
sealed junctions provide efficiency to 98.5%. 
Cast aluminum airfoil housing effects maxie 
mum heat transfer. Request Bulletin GPR-2SA, 


CON VOLTAGE REFERENCE PACK 


Voltage Regulation; + 0.01% 
Built to withstand environmental extremes, and oper- 
able up to 125°C, these miniature, highly stable refer- 
ence packs provide output voltages of either 8.4 or 
16.8 volts dc—are available in 6 distinct types allowing 
operation from varied power sources. 
Request Bulletin $R-401, 


La ay 


Ratings: 50 to 800 volts PIV * 45 to 150 Amps. 

An extensive series of standard and reverse 
polarity types. Optional mounting bases in- 
cluding machine thread and pipe thread types. 
Machine thread ,base types: Bulletin $R-300, 
Pipe thread bese types. Bulletin $R-301, 
Complete stack assemblies: Bulletin SR-302 


THYRODE SILICON CONTRO 


Ratings: 10 Amps © 20 to 200 PIV 
A completely new miniature control device capable 
of replacing the thyratron and similar units that pro- 
portionately control power to a load from an ac source. 
Units currently available with output currents up to 
10 amps, PIV ratings from 20 to 200 volts. 
Bulletin SR-350. 


PHOTOELECTRIC CELLS AND SUN BATTERIES 


(Wide range of silicon and selenium types.) 
Self-generating cells available in standard and 
custom sizes, mounted or unmounted. For 
details on wide selection of selenium types, 
request Bulletin PC-649A. Silicon solar cells with 
efficiencies as high as 10%. Designed to rugged 
military specifications. Bulletin $8-275A, 


REPRESENTATIVES THROUGHOUT THE WORLD 


Circle 106 on Inquiry Card 











1960 ASME Design Engineering Conference and Show 


... to be held at the New York Coliseum May 23-26 under sponsorship of 


the Machine Design Division, American Society of Mechanical Engineers. 


FOLLOWING THE PATTERN established 
four years ago at the Design Engi- 
neering Conference first held in New 
York City, the technical program of 
the 1960 Conference will include two 
middle days with three simultaneous 
technical sessions each, bracketed by 
single sessions of broad interest on 
the opening and the last day of the 
4-day conference. 

Papers for the conference were ar- 
ranged for by a special Auxiliary 


Papers Committee of the ASME Ma- 
chine Design Division, consisting of 
editors of five design engineering 
publications: Robert E. Abbott, Prod- 
uct Engineering; Roger Bolz, Auto- 
mation; Henry R. Clauser, Materials 

Engineering; Benjamin 
Machine Design; Byron 


in Design 
Hummel, 
Ledgerwood, Control Engineering; 
and Frank J. Oliver, ELEcTRICAL 
MANUFACTURING. 


5 EI A OLDS OE A ORLA. ALE ORDERS EGG Na EDEL 8 AREBO Dag! ESS NRE BOLE ALG BE slay at, Begs 8 


Monday, May 23 9:45 AM 


New Horizons in 
Engineering Design 


A panel of design authorities will, by 
brief talks and answers to questions, 
show how new design principles, re- 
lationships, and formulas developed 
specifically for their fields of nuclear 
and space technology can be applied to 
develop better designs for commercial 
products. Included will be the applica- 
tions of materials and components to 
meet extremes of environmental con- 
ditions and to achieve the ultimate in 
performance. High and low tempera- 
tures, erosion, corrosion, impact, vibra- 
tion, miniaturization, reliability and 


Registration/Papers Available 


Registration fee for the conference 
and show is $10 ($5 for ASME mem- 
bers). At the time of registration, 
each registrant will receive bound 
copies of all papers to be presented, 
except those at the panel sessions. 
Papers will also be available sepo- 


rately until February 1, 1961. Papers 
can be ordered individually by paper 


number (60-MD- ) from the ASME 
Order Dept., 29 West 39 Street, New 
York 18, N. Y. Papers are priced at 
80¢ each (40¢ to ASME members). 
The conference meeting rooms will be 
on the fourth floor of the Coliseum. 
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limited life will be among the items 
discussed. 


Co-chairmen: Dr. Hugh L. Dryden, 
Deputy Administrator, National Aeronau- 
tics and Space Administration, Washing- 
ton, D. C.; Dr. Arthur R. Kantrowitz, 
Director, Avco-Everett Research Labora- 
tory, a Division of Avco Corporation, 
Everett, Mass. 

Panel Members: William R. Gall, Chief 
of Design Section, Reactor Experimental 
Engineering Division, Oak Ridge National 
Laboratory; Varick D. Schwartz, Assistant 
Project Manager, Army Boiling Water Re- 
actor Project, Combustion Engineering, 
Inc., Windsor, Conn.; George P. Sutton, 
Chief Scientist, Advanced Research Proj- 
ects Agency, Department of Defense; and 
Elmer P. Wheaton, Vice President-Engi- 
neering, Missiles and Space Systems, Doug- 
las Aircraft Company. Inc., Santa Monica, 
Calif. 


Tuesday, May 24 
Reliability 


Reliability is now recognized as be- 
ing a physical phenomenon which is 
basically a design problem. Methods 
and interpretation of answers to re- 
liability predictions will be discussed, 
as well as the meaning of reliability 
requirements in equipment specifica- 
tions, and the types of special design 
techniques which can be used to meet 
these requirements. 


9:30 am 


Co-chairmen: Frank McGinnis, Director, 
Reliability and Quality Control, Sperry 
Gyroscope Co., a Division of Sperry-Rand, 





Great Neck, N. Y.; Nicholas Osifchin, 
Military Development Engineer, Bell Tele- 
phone Laboratories, Inc., Whippany, N. J. 

e “Reliability Prediction as a Design 
Tool,” (paper No. 60-MD-1), Thomas C. 
Reeves, Director of Product Assurance, 
RCA Defense Electronic Products, New 
York, N. Y. 

e “Impact of Reliability on Design,” 
(paper No. 60-MD-2), Harry R. Powell, 
Member of Senior Staff, Space Technology 
Laboratories, Los Angeles, Calif. 


Fabrication 


In the joining and forming of metal 
parts, many new processes have been 
developed in the past few years. Papers 
will cover areas where the newer 
methods overlap or replace the older 
processes and indicate the areas where 
the newer methods have distinct ad- 
vantages. Tolerances, quality, and solu- 
tions to problems will be stressed. 


Co-chairmen: Hemenway R. Bullock, 
Senior Engineer, Metallurgical Laboratory, 
Government Equipment Division, Raytheon 
Co., Maynard, Mass.; John Alico, Man- 
ager, New York Office, Day and Zimmer- 
man, New York, N. Y. 

e “New Welding Processes,” (paper No. 
60-MD-3), John J. Chyle, Director of Weld- 

(Continued on page 12) 


Design Engineering Show 
The 1960 Design Engineering Show, 
under the management of Clapp and 
Poliak, Inc., will be open from 12:00 
noon until 5:30 PM Monday through 
Thursday, May 23 to 26. The show 
will be made up of more than 400 
exhibitors representing leading manu- 
facturers in the fields of: electrical 
and electronic components; mechani- 
cal components; hydraulic and pneu- 
matic parts; power transmission equip- 
ment; metals, shapes and forms; 
nonmetallic materials, finishes and 
coatings; fasteners and adhesives; en- 
gineering equipment and_ services; 
and publications. All exhibits will 
serve the interests of design engineers. 


ELECTRICAL MANUFACTURING 
will share booth No. 1225 on the 
mezzanine with its sister publication, 
Space/Aeronautics. Drop in and pick 
up some of our current reprints! 


ELECTRICAL MANUFACTURING 








HAROLD S. BLACK, LAMME MEDALIST 





a 
Ley 


“THE * ENGINEER 
VIEWS HOPEFULLY 
THE HITHERTO 


UNATTAINABLE” 


A MAN WINS A MEDAL...AND 
STRENGTHENS A PHILOSOPHY 


The search for the “hitherto unattainable” some- 
times ends in strange places. 

For years Bell Laboratories engineer Harold S. 
Black pondered a problem: how to rid amplifiers of the 
distortion which unhappily accumulated as signal-trans- 
mission paths were made longer and amplifiers were 
added. There had been many approaches but all had 
failed to provide a practical answer. 

Then one day in 1927 the answer came—not in a 
research laboratory, but as he traveled to work on the 
Lackawanna Ferry. On a newspaper, Mr. Black jotted 
down those first exciting calculations. 

Years later, his negative feedback principle had 
revolutionized the art of signal amplification. It is a 
principal reason why telephone and TV networks can 
now blanket the country, the transoceanic cable is a 
reality, and military radar and missile-control systems 
are models of precision. 

For this pioneer achievement, and for numerous 
other contributions to communications since then (some 


BELL TELEPHONE LABORATORIES 


WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 


MAY 1960 


60 U. S. patents are already credited to him), Mr. Black 
received the 1957 Lamme Medal from the American 
Institute of Electrical Engineers. He demonstrated that 
the seemingly “unattainable” often can be achieved, 
and thus strengthened a philosophy that is shared by 
all true researchers. 


He is one of many Bell Telephone Laboratories 
scientists and engineers who have felt the challenge of 
telephony and have risen to it, ranging deeply into 
science and technology. Numerous medals and awards 
have thus been won. Two of these have been Nobel 
Prizes, a distinction without equal in any other indus- 
trial concern. 


Much remains to be done. To create the com- 
munication systems of the future, we must probe deeper 
still for new knowledge of Nature’s laws. We must con- 
tinue to develop new techniques in switching, trans- 
mission and instrumentation for every kind of 
information-bearing signal. As never before, commu- 
nications offer an inspiring challenge to creative men. 
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Aluminum cans for 
electronic applications 

are cast accurate, smooth 
and pressure tight by 

the unusual foundry methods 


of Morris Bean & Company, 


Yellow Springs 25, Ohio. 


aluminum 


magnesium 


ductile iron | 


foundries 
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Conference Program 
(Continued from page 10) 


ing Research, A. O. 
Milwaukee, Wis. 

e “Metal Part Fabrication by Explo- 
(paper No. 60-MD-4), Vasil Philip- 
chuk, Manager, Special Projects Depart- 
ment, National Northern Division, Ameri 
can Potash & Chemical Corporation, West 
Hanover, Mass. 


Smith Corporation, 


sives, 


Hydraulics 


Emphasis will be on the “extreme- 
service frontier” for components, 
fluids, and seals used in ground equip- 
ment, aircraft, space vehicles, and nu- 
clear power units. Extreme pressure, 
temperature, reliability, capacity/- 
weight ratio and other salient points 
will be covered and 
provements 


trends and im- 
possible. 


Co-chairmen: Edward M. Greer, Presi- 
dent, Greer Hydraulics, Inc., New York 
International Airport; John A. 
Manager, Engineering Liaison, 
Porous Media, Inc., Pall 
Glen Cove, N. Y. 

@ “Hydraulic Components for Extreme 
(paper No. 60-MD-5), Edward 
Brown, Director of Engineering, Machinery 
Hydraulic Division, Vickers, Inc., Detroit, 
Mich. 

@ “Hydraulic Fluids—Today and To 
(paper No. 60-MD-6), Richard 
L.. Leslie, Supervisor, Fluids and Chemistry 
Group, Research and Development Depart 
ment, Vickers, Inc. 


Farris, 
Aircraft 
( orporation, 


Service,” 


morrow,” 


Wt ednesday, May 25 9:30 AM 


Control Systems 


Computers have a two-fold use in 
the control field: one, in design of 
the control system; and two, as part 
of the control system to maintain proc- 
ess or control function. Papers will 
cover the main engineering problems 
associated with 


these computer uses. 


Co-chairmen: Dr. E. L. Harder, Director, 
Analytical Department, Westinghouse Elec- 
tric Corp., East Pittsburgh, Pa.; John T. 
Lynch, Manager, Electronic 
Burroughs Corp., Paoli, Pa. 

e@ “Analysis of Control Systems by 
Analog Computers,” (paper No. 60-MD-7), 
William E. Sollecito, Systems Analysis 
Engineer, General Engineering Laboratory, 
General Electric Co., Schenectady, N. Y. 

e “Computers in Control Systems,” 
(paper No. 60-MD-8), Dr. Arthur S. Rob- 
inson, Assistant Chief Engineer for Ad- 
vanced Electronic Research & Develop- 
ment, Eclipse-Pioneer Division, Bendix 
Aviation Corp., Teterboro, N. J 


Department, 


Materials 


High-strength steels and composite 
materials are being used in more ap- 
plications than ever before, but they 
present problems in processing and 


selection. Papers present properties, 
available forms, and illustrate applica- 
tions, as well as giving an approach 
to obtaining optimum characteristics. 


Co-chairmen: Albert R. Mead, Staff En- 
gineer, Manufacturing Engineering Depart- 
ment, Grumman Aircraft Engineering 
Corp., Bethpage, N. Y.; Edward N. Hegge, 
Deputy Director, Watertown Arsenal Lab- 
oratories, U. S. Army Ordnance Arsenal, 
Watertown, Mass. 

e “Some Considerations in the Use 
of High Strength Steels,” (paper No. 60 
MD-9), A. M. Hall, Division Chief, Bat- 
telle Memorial Institute, Columbus, Ohio. 

e “Increasing the Performance of Non- 
metallic Structural Materials,” (paper No. 
60-MD-10), W. E. Dirkes, Chief, Plastics 
Branch, Materials Laboratory, Wright Air 
Development Div., Wright-Patterson Field, 
Ohio. 


Automation 


More errors are made in designing 
for automatic assembly because parts 
are not designed with the method in 
mind. Papers will cover the design rec- 
ommendations for miniature and sub- 
miniature components to give ease of 
assembly, and product design do’s and 
don’ts to facilitate economic and prac- 
tical assembly. 


Hawley, Direc 
tor of Development and Engineering, Auto 
mation Engineering Laboratory, Inc., Stam 
ford, Conn.; Allan Harvey, President, 
Dasol Corp., New York, N. Y. 

e “Concept of Modular Design for 
Mechanized Assembly,” (paper No. 60-MD- 
11), A. A. Lawson, Consulting Project En- 
gineer, Melpar Inc., Falls Church, Va. 

e “Basic Design Parameters for Auto- 
matic Assembly,” (paper No. 60-MD-12), 
Robert Esken, Supervisor, Engineering & 
Sales Application, Autometrology Section, 
Sheffield Corp., Dayton, Ohio. 


Co-chairmen: George F. 


Thursday, May 26 9:30 AM 


Use of Computers in Design 


Panel of computer users who have 
had the problems of scheduling and in- 
tegrating their computer sections into 
the overall engineering setup. They will 
discuss and answer questions on: types 
of design problems that can be com- 
puter-solved; types of computers to use; 
training of personnel; costs of instal- 
lations and operations. 


Co-Chairmen: Dr. Julius S. Aronofsky, 
Manager, Electronic Computer Center, 
Socony-Mobil Oil Co., Inc., New York; 
Raymond Payne, Supervisor, Engineering 
Computer Section, Worthington Corp., 
Harrison, N. J. 

Panel Members: E. F. Magnusson, Math- 
ematician, Control Programming, General 
Engineering Laboratory, General Electric 
Co., Schenectady, N. Y.; George Ryck- 
man, Supervisor, Data Processing Group, 
General Motors Research Corp., Detroit; 
Dr. Aaron Finerman, Manager, Digital 
Computing and Data Processing Division, 
Republic Aviation Corp., Bethpage, N. Y. 
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THIS IS GLASS 


A BULLETIN OF PRACTICAL NEW IDEAS 


THE UNEARTHLY USE 
OF GLASS 


Some day the stellar equivalent of an 
archeologist will ferret his way through 
space, collecting debris from the sundry 
objects we are thrusting out past the 
pale of gravitation. 

That man is going to find a lot of glass. 

Next to the metals, glass is the basic 
material for space work. Big claim? 
Big fact. 

You can blast glass out at the stars, 
shine the sun at it full open, slide it into 
the cold void of the earth’s shadow, 
plummet it back into the searing atmos- 
phere, recover it from the bobbing waves. 
And, all the time, glass will hold to its 
integrity, its properties, its dimensions. 

You can design glass into a piece of 
space hardware; you can only know the 
beauty of this if you have had to design 
around some other material that has in- 
teresting properties but is hard to work. 

Glass has hardly any design limita- 
tions. We can mold it, blow it, fuse it, 
press and roll it, etch it, temper it, or try 
any of a dozen other controlled tech- 
niques to meet exactly the shape you 
want, exactly the size you want, exactly 
the exactness you want. 

We have some 60,000 glass formulae to 
select from, so matching your specs on 
properties is a snap. 

We have combinations of glasses that 
transmit or attenuate all of the visible 
light spectrum and most of the infrared 
and ultraviolet as well. 

We can take a mass of glass yards thick 
and make it as transparent as the objec- 
tive lens on a microscope, as surface per- 
fect as the facet on a ten-carat diamond. 

Big claims? Big facts. Radomes, win- 
dows for space capsules, giant mirrors for 
balloon-floated telescopes, electronic com- 
ponents, macro and micro in size . 
these are just a few of the things you can 
do with glass . . . and, with all that, you 
haven’t begun to tap the possibilities 
of glass in space. 


MAY 1960 


We have two brochures that tell about 
these properties and design potentials: 
This Is Glass treats of the material itself. 
IZ-1 discusses the applications. Check 
the coupon for copies. 


WE'LL GROW RED ROSES IN 
JUNE, 

JUST YOU AND | UP ON 
THE MOON 


It goes without saying that you cannot 
grow terrestrial plants in a 10°!” mm Hg 
atmosphere . . . but just how high does 
the pressure have to be to bring a plant 
to maturation? What about the effects of 
a lower gravity? What sort and how much 
light will you need to make a seedling 
stir? How about temperature? 

Republic Aviation is engaged in some 
research of this sort, which will form a 
sort of almanac for the lunar farmer. 

We come into the picture with a 
vacuum-tight greenhouse, often referred 
to as a Pyrex brand bell jar. Besides 
serving as the perfect lunar greenhouse, 
it recommends itself on a weight basis 


You might remember this ‘‘Moon 
Garden” if the time comes when you 
want an environment you can play with 
and observe. Many are the people using 
our bell jars for high vacuum and high 
pressure work, for the creation of an inert 
gas atmosphere; in short, for any work 
where you want to free yourself from the 
deficiencies of the terrestrial atmosphere. 


FROM CORNING 


HOW TO SEEK OUT AND HIT 
A MELTING ICE CREAM CONE 
IN THE MIDDLE OF ALASKA 


We make the glass that goes into the 
domes that transmit the infrared waves 
that activate the cunning minds of the 
heat-seeking missiles that go pow. 

Today we make a better IR transmit- 
ting glass than ever before. We call it 
Code 9752. 

A 2mm thickness of this glass will 
transmit 77% at the 4.0 micron wave 
length and 38% at 5.5 microns. Not bad. 

At 600°C there is no transmission loss 
whatsoever at 4.0 microns, only 13% 
at the 5.5 micron wave length. 

Our research people say the glass has 


“good” electrical properties, “excellent” 
weathering characteristics. Our research 
people are known as conservatives. 

In a durability test, we found that 
there was no appreciable transmittance 
loss in 21 days at 95% RH with tem- 
perature cycling from 25°C to 65°C 
twice a day. 

Using standard techniques, we can 
mass produce this glass in a variety of 
hollow shapes and give it an optical fin- 
ish. We can press 7” domes automatically 
and make larger sizes to order. Flat 
pieces, 12” square and }4” thick, are 
being used in the instrumentation field 
for such devices as Schmidt corrector 
plates. 

The coupon offers a bulletin on this 
and two other Corning IR transmitting 
glasses. 


See us at the Design Show . . . Booths 1507-1509 


MEANS 


ce CORNING 
vd 


C] This Is Glass 


CJ 'Z-1 
(] IR transmitting glasses 


Name 


Street 


City 
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INE a nici ciiibiaaadeiacennnaielaadlints 


ee es os Zone.......... State 


_——o—o—oOoe een ee nee ss ee ae ie es ee ee ee J 


GLASS 


13 






























improve 
Dielectric Strength 
with 
WEST VIRGINIA 
PRESSBOARD INSULATION 


Three grades, each combining low 
cost with the higher dielectric 
strength a design engineer wants in 
insulation. 

Made of 100° virgin kraft pulp 
from our own pulp mill. This assures 
uniform quality, no metallic particles. 


PRESSITE: An absorbent, unsized 
board for air, oil, and askarel trans- 
formers and for capacitors. Natu- 
ral kraft color. .031’ to .250”. 


ELECTRITE: A hard board with 
high tensile strength. All punch- 
ings are clean and smooth. Sized 
with natural rosin to resist mois- 
ture. Available in brown or black. 
.031” to .187”. 


DENSITE: An extremely hard 
board with great tensile strength. 
Sized for moisture resistance or 
unsized for applications in oil. 
Natural kraft color. .031” to .125”. 


Ask for Underwriters Laboratories report 
#E3987. Write Board Products Sales, West 
Virginia Pulp and Paper Company, 230 
Park Avenue, New York 17, New York. 


West Virginia 
Pulp and Paper 
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Fine-Lined Drawings 
For Etched Circuits 


Readers have expressed interest in the 
techniques employed to obtain certain 
fine-lined drawings shown in the article 
“Developments in Etched Circuits,” by 
Edith O. Olson, Diamond Ordnance 
Fuze Laboratories, February 1960 
ELectrRIcCAL MANUFACTURING. The au- 
thor has been kind enough to provide 
details of the techniques used: 

“The masters from which these pat- 
terns were prepared were made by 
turning down the surface of a painted 
sheet of plastic on a lathe. The best 
plastic (source unknown) which we 
found for this work was opaque white 
polystyrene which had been sprayed 
with flat black paint. The sheet was 
mounted in the chuck of a lathe, the 
speed and cutting tool of which had 
been selected to give the desired ratio 
of line and space widths in the final 
pattern. 

“We have also used a 3-ply black 
phenolic laminate in which the center 
layer was white. By adjusting the depth 
to which the cutting tool penetrated, 
the top black ply was removed to yield 
a black-on-white pattern, but this lamin- 
ate proved to be much too brittle to 
be turned rapidly on a lathe as the 
high-speed cutting produced chipped 
and uneven edges. 

“However, for patterns other than 
coils, the latter material as well as 
black-and-white scratch board (Arthur 
Brown & Co., N. Y., or equal) may 


Pius or Minus 


of milling must be chosen carefully for 
each material to produce smooth even 
lines. 

“After machining is completed, the 
patterned plastic is brushed gently or 
cleared with compressed air to remove 
any black flecks from the white areas. 
As the machined patterns are usually 
made several times larger than re- 
quired, photographic reduction proc- 
esses are utilized to obtain negatives 
or prints of the desired dimensions.” 


Bell Labs Engineer Wins 
1959 Miniaturization Award 


David A. McLean, component develop- 
ment engineer of the Bell Telephone 
Laboratories, Inc., Murray Hill, N. J.. 
has been named winner of the 1959 
Miniaturization Award for his new con- 
cept and successful method of produc- 
ing microminiature electronic compon- 
ents and circuitry. 

The Miniaturization Award, a bronze 
sculpture representing an abstract con- 


ception of miniaturization, was _pre- 
sented in New York in March by 
Horace D. Gilbert, chairman of the 


Awards Committee and president of 
Miniature Precision Bearings, Ince.., 
Keene, N. H., which established the 
annual award in 1957. 

Mr. McLean’s new method of form- 
ing printed-circuit patterns containing 
circuit components depends 
upon sputtering, a technique which 
bombards a cathode with ionized gas 
molecules, dislodging atoms of metal 


passive 


be used with a milling machine where which then redeposit themselves on 
a slow speed may be used. The speed (Continued on page 16) 
Pe Pe SRT suet Correction POTS te . WORE 


Inadvertently, a series of typographical 
errors crept into two tables in the ar- 
ticle on “Powder-Metallurgy Parts— 
Their Advantages in Design,” published 


in the March issue. Table II should 
read as below, and Table III should be 
ignored as not being applicable to metal 
powders. 


Table !1— Properties of a Brass Powder Compared to 


Die-Casting Alloys* 











Die cast Brass powder; 
77-91% Cu, 
Zinc | Aluminum Magnesium 0-1.75% Pb, 
Property alloys alloys alloys remainder Zn 
- i sai 
Tensile strength, psi 41 , 000-48 , 000 | 30 ,000-—45 , 000 | 30 ,000-33 ,000 | 26 ,000-36 , 000 
Shearing strength, psi | 31 ,000-38,000 | 19 ,000—28 ,000 | 20,000 — 
Elongation, per cent 7-10 2-9 1-3 10-27 
Hardness 50-80 Bhn 60-62 Bhn) 50-76 Rh 


82-91 an 


* Source: New Jersey Zine Co. 
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The NASA-USAF-Navy X-15 manned rocket gets a vital part. .. delivered with jet-age speed by AIR EXPRESS 


X-15 part flies first 3000 miles by Air Express 


The scene: Edwards Air Force Base, Calif. Crack engineers work ‘round the clock to ready the X-15 
for its flight to the brink of outer space. /ts engine, built by Thiokol in Denville, New Jersey, packs 
a 400,000 HP punch—more than the power of two giant ocean liners! Because of an accelerated 
assembly schedule, some parts—like this turbine pump contro!—are installed right on the flight line. 
They must be shipped fast, with kid-glove handling. In 

short, a job for low-cost AIR EXPRESS. Give your business ~>— y 

these advantages, too. Call AIR EXPRESS to speed your A J & EXPRE S& 

Ere 


products FIRST TO MARKET.... FIRST TO SELL. 


& CALL AIR EXPRESS DIVISION OF RAILWAY EXPRESS AGENCY ¢+ GETS THERE FIRST VIA U. S, SCHEDULED AIRLINES 
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nearby surfaces. A single metal, tanta- 
lum, is deposited on a ceramic base in 


fine and intricate patterns to form 
capacitors, resistors, and most of the 
interconnecting circuitry. This new 


thin-film technique makes it possible 


OF You a Di FFICU ms | to produce lines as narrow as 0.001 in. 
| in width and spaced only 0.001 in. 
| AC H i N | fH 7 PRO B |e | M S vette > ape sarees caueale high 


resistance in a very small area. 

One of the most significant ad- 
vantages of this new method is that. 
by developing its high-quality capaci- 
tors and resistors from a single metal, 
the required number of manufacturing 
operations is cut down tremendously. 
Interconnections can be made. simul- 
taneously with the components, thereby 
eliminating faulty soldered connections 

one of the greatest liability hazards 
in miniaturized electrical circuitry. 


Molecular Electronics 
Re-Defined 


Some confusion exists between the 
terms “molecular electronics” and 
“micro-electronics.” A clarification has 
been provided by Drs. G. Strull and 
A. W. McCourt presenting a Westing- 
aa house “Molecular Electronics Program” 


(Continued on page 145) 


Chops time from 20 hours to 30 minutes drilling and 
notching Silicon Carbide waveguide inserts | 
PROBLEM: Drill two .062” + .001 holes to a depth of .187 + .002, and | THIS MONTH’S COVER 


produce a notch .375 + .001 wide x .250 + .001 deep x 1” long with no 
internal radius allowed on the end of silicon carbide sticks. The pieces 
are for use as dummy loads in high frequency waveguides. Previously, the Electrical ..:... 
— cut with carbide drills and the notch produced with diamond Manufacturing 


SOLUTION: A Raytheon Impact Grinding Analyst recommended drilling 
and notching with a Raytheon Impact Grinder using mild steel tools for 
both applications. 


RESULT: Time dramatically reduced by 19% hours per piece. Expendable 
tool costs virtually eliminated. 


HOW YOU CAN BENEFIT: Whatever your difficult 
cutting, slicing, drilling or shaping problem—in 
hard or brittle material, your Raytheon Impact 
Grinding Analyst can help you solve it. For full 
details, fill out the enclosed coupon and send it in. 
No cost or obligation. Excellence in Electronics 
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I TO: RAYTHEON COMPANY 
i PRODUCTION EQUIPMENT OPERATIONS 
1 MANCHESTER, NEW HAMPSHIRE 


(0 Please send me literature on Raytheon 
Impact Grinders. 


TLS THIS (0 Please have a Raytheon Impact Grinding Analyst 
COUPON contact me. 


My problem is: (describe metals or non-metals involved, 


FOR FREE tolerances, etc.) 
ANALYSIS 


—without 


i 
i 
t 
i 
f With a nod to the ASME Design En- 
i gineering Conference, and with some 
i not-too-abstract abstractions, we are 
i graphically depicting on this month’s 
} cover the four functional areas of prod- 
I uct design engineering: (selection of) 
i Materials and Components, Systems De- 
I sign, and Test and Measurement of the 
1 previous three. The editorial content 
of EvecrricaL MANUFACTURING has tradi- 
i tionally fallen into this pattern and 
q in this May issue the magazine has 
j been divided into four modular sec- 
i tions under the same headings—intact 
i with features, “departments” and adver- 
J tisements of related products and serv- 
ices, 
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» milliseconds 


recorded with Brush operations 
monitors. Multiple high-speed 
events are reported in writing 
within 4 milliseconds of occur- 
rence—to establish the basis for 
split-second, million dollar de- 
cisions necessary in today’s com- 
plex control systems. Up to 120 
separate “on-off” event signals 
are monitored and permanently 
recorded on a chart only 12” 
wide. Fixed-stylus electric writ- 
ing provides sharp, reproduc- 
ible traces of uniform clarity. 
Chart speeds from one to 250 
mm/sec permit a precise inter- 
pretation of all events, with 
resolution up to 500 signal 
changes per second. For military 
or industrial analysis and control, 
no direct writing recording sys- 
tem can match the capabilities 
of Brush Operations Monitors. 
Write today for complete speci- 
fications and application data. 


___brush INSTRUMENTS 


DIVISION OF 


37TH AND PERKINS CLEVELAND 14, OHIO 
cConroeation 





in direct 
writing 


systems 


only B 
eliminates 
compromise 


Avoid a “second best’”’ choice. Get exactly what you need. Only Brush permits 
selection of ... Writing Method... ink, electric or thermal .. . 

Trace Presentation . . . curvilinear or rectilinear . . . Configuration . . . vertical or 
horizontal, rack mounted or portable models. Also... chart speeds from 

50’’/sec to 10’’/day . . . functionally designed control panels . . . readily accessible 
components for fast inspection, simple adjustment . . . complete, easy to understand 
operating manuals. Get the industry’s most advanced design concepts. You never need 
compromise when you specify Brush. Complete information at your request. 


brush INSTRUMENTS 


DIVISION OF 


37TH AND PERKINS | CLEVITE | CLEVELAND 14, OHIO 


cComPoration 





ARMCO steers / for electrical and electronic equipment 


Fifth Edition of “Armco Oriented Electrical Steels” 


Contains design curves for Armco’s new Oriented M-5, Franklin Test surface 
resistivity data, plus design information on all Armco oriented grades. 


The fifth edition of Armco Steel Corpo- 
ration’s well-known design manual on 
oriented electrical steels is just off the 
press. Besides up-to-date basic infor- 
mation that designers have found so 
useful, the new manual includes com- 
plete data on Armco's new Oriented 
M-5 Electrical Steel. 

Armco M-5 has a maximum core loss 
of only .58 watts per pound at 60 cycles 
and 15 kilogausses and has materially 
higher permeability at high inductions 


NOW AVAILABLE 


than any oriented silicon steel previously 
available. Its pertinent properties are 
detailed in a series of design curves that 
enable you to evaluate precisely its po- 
tential in your products. 

Get your copy of this new manual on 
Armco Oriented Electrical Steels. See 
how you can use these special electrical 
steels to reduce size and step up effi- 
ciency of distribution and high perform- 
ance transformers. Just write us or mail 


the coupon. 


Se) 
ie) 
Tae 


Armco Stee! Corporation 
1100 Curtis Street, Middletown, Ohio 
Send me a copy of the Fifth Edition of Armco 
Oriented Electrical Steels. 
Name. 

Company 

Street 


__Zone_____ State 


ARMCO STEEL 


SRM 
\//® 
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Assembled units (right) permit multiple 
contacts in limited space. As many as 
six contact blocks can be coupled to a 
single pushbutton. 


Westinghouse Flush Pushbutton (below) 
with contact blocks. Notice how one fits 
directly behind the other. Stacking per- 
mits controlling many circuits with one 
button. 


Easily snapped-on plastic caps 
come in seven colors—red, green, 
blue, yellow, gray, tan and black— 
for quick color coding of a push- 
button bank. 


YOU GET... 

TOTAL DESIGN FLEXIBILITY 

IN THE WESTINGHOUSE FLUSH 
PUSHBUTTON 


circuit flexibility—unique spacesaving design permits as many as 
six contact blocks to be stacked one behind the other. You operate 
all circuits with one push of a button . . . a big help when multiple 
operations are necessary. 


color flexibility—interchangeable chemical-resistant plastic caps 
come in seven colors: red, green, blue, yellow, tan, gray and black. 
Choose the best pushbutton for your design and color code it. Per- 
mits programming of manual operation using only one model. 


function flexibility—choose from a wide range of operators to suit 
any use. Standard units available include flush head, mushroom 
head, extended head, selector switches, push-to-test indicating 
lights and a host of others. 


When your design calls for pushbuttons, you'll find what you need 
in Westinghouse stock. Call your nearest Westinghouse representa- 
tive, or write Westinghouse Electric Corporation, Standard Controls 
Div., Beaver, Pennsylvania. 4-30313 


you CAN BE SURE...IF «sWesti nghouse 
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The Westinghouse Flush 
Pushbutton ... color coding 
and multiple stacking of 
contact blocks provide 
greater flexibility in design. 
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good reasons 
why you should use 
IRIDITE) 


ON YOUR ZINC OR CADMIUM PRODUCTS 


CORROSION PROTECTION 


The wide range of Iridite coatings available gives you a 
choice of corrosion protection—from economical, mild pro- 
tection of parts for shipment, storage or display, to ex- 
tremely high protection under exposure to marine and highly 
humid atmospheres, gasoline or other hydrocarbons. 


PAINT BASE 


For an extremely tight bond for either baked or air-dried 
paints, non-porous Iridite blocks moisture penetration— 
prevents formation of metallic soap products beneath paint 
coatings. 


APPEARANCE 


Your choice of colors ranging from clear through yellow 
iridescent to olive drab. Bright Iridite finishes can also be 
dyed to provide other color effects. 


SPECIAL EFFECTS 


Iridite, in combination with other Allied Research processes, 
can provide a wide variety of finishes. As an example, 
Iridite 8-P applied to zinc or cadmium, followed by an ap- 
plication of Irilac, gives a highly attractive simulated brass 
finish. 


IRIDITE—o specialized line of chromate conversion coatings for 
nonferrous metals. Easily applied at room temperatures with short 
immersion times, manually or with automatic equipment. Forms a 
thin film which becomes an integral part of the metal. Cannot chip, 
flake or peel. Special equipment, exhaust systems or highly trained 
personnel not required. 


For complete information on Iridite, con- 
tact your Allied Field Engineer. He's listed 
in the yellow pages under “Plating Sup- 
plies.” Or, write for FREE TECHNICAL DATA 
FILES. 


Allied Research Products, Inc. 4004-06 EAST MONUMENT STREET ¢ BALTIMORE 5, MARYLAND 


BRANCH PLANT: 400 MIDLAND AVENUE @ DETROIT 3, MICHIGAN 
West Coost Licensee for Process Chemicals: 4. H. Butcher Co. 


Chemical ond Electro Tirc° | GLITTD*| ECII*| TD? elu» 
chemical Processes, Anodes, : 
Coatings Brighteners Supplies 


Chromotes 


Rectifiers Equipment, ond Supplies for Metal Finishing Equipment 
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SYLVANIA MAKES ALL THREE-+A 


New Sylvania nickel-clad silver 20% wire 
passes the acid test—beats the heat 


— another reason why Sylvania gives unbiased recommendations on wire 


New Sylvania nickel-clad silver 20% wire has all these 
outstanding properties: excellent doaetaal conductivity, 
corrosion resistance superior to silver wire, ability to 
withstand temperatures up through 1500°F. As a result, 
it’s ideal for electrical hookup wire where conditions call 
for critical service, long life under oxidizing, corrosive 
or high-temperature environments. 


This new wire is available from .005” to .125” diameter, 
in a variety of tempers from dead soft to full hard. 


It is another example of how you can simplify your de- 
sign and specification problems by getting a Sylvania 
recommendation on wire. Sylvania knows wire, knows 
the particular advantages of each kind. In fact, of all 
major manufacturers, only Sylvania makes all three 
types of bare wire—alloy, clad and plated. 


Why not get full details and timesaving technical assist- 
ance today. Simply write Sylvania Electric Products 
Inc., Parts Division, Warren, Pennsylvania. 


SYLVANITA 


subsidiary of GENERAL TELEPHONE & ELECTRONICS Ges) 


MAY 1960 
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SMOOTH, 


“CUSHION” START 


with new Century Electric 
part-winding start motor 


This new motor .. . at either 1200 or 
1800 rpm’s . . . will give you smooth, 
“cushion” acceleration. No cogging, jerk- 
ing or jarring equipment. No sub-synchro- 
nous stalling. Just dependable torque with 
the same 40% reduction in starting current 
of all Century Electric part-winding motors. 


New winding—A special winding scheme 
makes this extra smooth start possible. 
Special cross connections are made between 
coil groups of the basic motor winding. 
Result: balanced stator field on first step 
position . . . no cogging . . . smooth accel- 
eration. Means that now motors will give 
better performance on part-winding start. 
Also, more time can be taken for acceler- 
ation because the winding does not go 
“‘across the line” until the rotor has reached 
a higher speed. 


Applications—Have an application 
where power company restrictions limit in- 
rush current? The complete line of Century 
Electric part-winding start motors is the 
answer. They provide the most economical 
and dependable way of starting equipment 
with low-starting torque such as fans, blow- 
ers, centrifugal pumps, and compressors, as 
well as reciprocating compressors equipped 


with unloading valves. And with new 
Century Electric part-winding motors 
heavier loads than ever before can now be 
brought smoothly up to speed. 


Construction—Century Electric part- 
winding start motors are available in ap- 
proximate range of 20 to 150 hp sizes and 
in speeds of 1200 and 1800 rpm. They all 
have the high quality construction features 
of all Century Electric squirrel cage induc- 
tion motors . . . coils are insulated with 
tough polyvinyl acetal resin . . . windings 
are dipped and baked with several coats of 
high temperature synthetic varnish which 
protect against oil fumes, mild acids and 
dust and grit . . . rotors are dynamically 
balanced so that motors run with extreme 
quietness and smoothness . . . rugged cast 
iron frame construction assures long life 
and low noise level. 


Application aid—A Century Electric ap- 
plication engineer will be glad to discuss 
your part-winding start problems with you. 
Century Electric also makes a complete 
line of motors . . . all sizes and types from 
1/20 to 400 hp. For a copy of the new 
Century Electric Motor Application Guide, 
please write for bulletin 270A. 


CENTURY ELECTRIC COMPANY 


St. Louis 3, Missouri Offices and Stock Points in Principal Cities 
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TYPICAL 30 HP part-winding start motor dimensions 
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SPEED-TORQUE curves show how transfer to full 
winding can be made at higher speed after current 
has fallen off. 





Elliott Company chooses oiler 


Silicone Tape 


for mechanical stability and extended motor life! 


After extensive research into new materials and methods, 
Elliott Company, a division of Carrier Corporation, has de- 
veloped the first really mechanically-adequate silicone in- 
sulation system—with “Porter’’ Silicone Tape. Vulcanized 
into a void-free homogeneous structure, ““Porter’’ Silicone 
Tape provides outstanding mechanical and sealing properties 
for applications requiring class H insulation. In addition to 
flexibility and moisture protection, the Elliott ‘Fabri-Lastic”’ 
system provides durability and toughness as well as excel- 
lent thermal stability at high temperatures. 

Thermoid Division offers the widest range of silicone tapes 
on the market today. And continuous research and develop- 


THERMOID DIVISION | || 


ment is being conducted to make available silicone elastomer 
materials with characteristics to meet Customers’ constantly 
changing needs. Thermoid Division engineers are available 
to work with you, as they worked with the Elliott Com- 
pany, to develop the right combination of ; 
silicone elastomer and compatible ma- 
terials for your requirements. 

For fresh stocks of “‘Porter’’ Silicone 
Tape or information on special design 
characteristics, write Thermoid Division, | 
H. K. Porter Company, Inc., 200 Whitehead ask for this free 


oe brochure with ac- 
Road, Trenton 6, N. J. tual tape samples. 


H. K. PORTER COMPANY, INC. 


PORTER SERVES INDUSTRY with steel, rubber and friction products, asbestos textiles, high voltage electrical equipment, electrical wire and cable, wiring 
systems, motors, fans, blowers specialty alloys, paints, refractories, tools, forgings and pipe fittings, roll formings and stampings, wire rope and strand. 
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Hectronic Products MEW 


by CARBORUNDUM’ 


Smallest sub-miniature 


time delay relay made by 
Wheaton Engineering Corp. 
relies on GLOBAR® Thermistors 


The %-ounce postage stamp sized 
unit shown here is probably the ulti- 
mate in miniaturization of electronic 
time delay relays. It is a product of 
Wheaton Engineering Corporation, 
920 Manchester Rd., Wheaton, III. 
High precision time delays over a 
broad range of operating tempera- 
tures are produced by utilizing the 
negative temperature coefficient 
characteristic offered by GLOBAR 
Type 997F Thermistors. Contribu- 
tory factors influencing their use 
are small size, extreme ruggedness 
and closely controlled quality and 


uniformity, “Were it not for your 
Thermistors,” says Wheaton, “many 
of our precision timing devices 
would not be as easily or readily 
available.” 

If you have any problems involv- 
ing temperature compensation, tem- 
perature sensing and control, time 
delay or surge current suppression, 
perhaps GLOBAR silicon carbide 
Thermistors can help. For more 
details, write Globar Plant, Refracto- 
ries Division, Department EMT-50, 
The Carborundum Company, 
Niagara Falls, New York. 
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Transistor current controlled by GLOBAR® 
Thermistors in Motorola Auto Radios 


2N176 
PWR AMP 


The latest auto radio produced by 
Motorola Inc. contains a push-pull 
transistor output stage and 5 tubes 
designed to operate directly from 
the car battery. 

Transistors are designed to draw 
% amp. Without control, this cur- 
rent would change with operating 
temperatures. Normal current must, 
however, be held within reasonable 
limits to maintain proper impedance, 
matching and low audio distortion. 
Motorola uses GLOBAR Thermistors 
of correct resistance and tempera- 
ture coefficients to control the cur- 
rent through the operating range of 
—20 C to +65 C. 

This application is another exam- 
ple of the growing use of Thermis- 
tors in transistorized circuits. For 
information on types and ratings, 
write Globar Plant, Refractories 
Div., Dept. EMT-50, Niagara Falls, 
New York. 
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Critical requirements met 


in ceramic-to-metal 
sealed components 


The various units above are typical 
examples of problems involving 
ceramic-to-metal assemblies solved 
by Carborundum’s Latrobe Plant. 
Of particular interest is the as- 
sembly at right center. The threaded 
monel metal housing is attached to 
the ceramic by an intermediate 
KOVAR® flanged eyelet, which com- 
pensates for expansion differentials. 
The center electrode is beryllium cop- 
per—brazed to a KOVAR alloy washer 
which is sealed to the ceramic. The 
unit on the right is a rectifier hous- 
ing. The bottom flange and the cap 
are copper-plated steel bonded to the 
ceramic. A copper stud is brazed to 
the cap. Correct design avoided ex- 
pansion stresses which would dam- 
age the ceramic or break the bond. 
For assistance in solving similar 
problems, write Latrobe Plant, 
Refractories Div., Dept. EMC-50, 
The Carborundum Co., Latrobe, Pa. 
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Latest information on ceramic 
INSULATING TUBING 


A new technical bulle- 
tin is now available 
on Carborundum's 
insulating tubing for 
thermocouples and 
other applications. 
Tubing is offered 
with single and mul- 
tiple holes in a wide 
variety of dimensions and shapes. For 
your copy of the bulletin, write Latrobe 
Plant, Refractories Div., Dept. EMB-50, 
Latrobe, Pa. 
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New! The most 
reliable limit switch 


ever developed 


(from Cutler-Hammer, of course) 


Limit switch failures Cause more pro- 
duction down time than any other elec- 
trical component. Suddenly this problem 
has been greatly reduced by the new 
Cutler-Hammer oiltight limit switch. 
Under test conditions much tougher 
than in actual production, it lasted far 
longer than any other limit switch. 


It fits almost anywhere and in any 
position. A simple field adjustment 
changes switch operation to close the 
contacts by lever motion that is clock- 
wise, counterclockwise, or both. And, 


WHAT’S NEW? ASK.. 


no other switch is sealed more effec- 
tively. Even the silver-to-silver contacts 
are visible for quick inspection. Send for 
Pub. ED143-J231 now for full details. 


What's new at Cutler-Hammer? 
We're planning ahead—with new, better 
products, like the limit switch. We’ve 
added plant capacity, new engineering 
talent and our new trademark sym- 
bolizes our new capabilities to help you 
plan ahead. Call the nearest Cutler- 
Hammer sales office or distributor to 
see how we can fit into your team. 


| 


sin + Division: Airborne Instruments Laborato ry . 
Ce anadian Cutler-Hammer, Ltd.; Cutler-Hamme 


CUTLER-HAMMER 


Cutler-Hammer inc. M waukee, Subs sidlary: Cutie or 
Hammer Internationa C A A 
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WITH SELECTED OPERATOR 


eer" 
ee 


TYPE SDAF 
Heavy-duty 
, Pillow Block 


TYPE SY 
Unit Ball Bearing 
etek alte 3 


Most pillow blocks offer easy assembly and rugged 
housings. But can they offer you low friction, self- 
aligning bearing operation and efficient sealing as well? 

They can—if they're the &&& pillow blocks, and 
flanged mounting, shown here. Type SAF, for example, 
comes equipped with low-friction ball or spherical 
roller bearings that are inherently self aligning. And 
these bearings are effectively protected by Triple-Seal 


ee eee eee e eee eeeeeeee eee eeeeeeeeeeeeeeeeeeee 


&&*O 


Can you get 
these “special” 
qualities in 
“standard” 
pillow blocks? 


TYPE FY 
Unit Ball Bearing “™ A 
Flanged Mounting 


rotating rings. Abrasives and corrosives can’t get to 
them—oil or grease can’t drip out. 

Yet this isa standard S&F pillow block, that is com- 
petitively priced in spite of its combination of extra 
features. We make it for shaft sizes from 34” to 10%", 
for mounting directly or with an adapter. A cast steel 
housing (SAFS) is available for heavy duty applications. 

For details, call one of our twenty-five offices. 5938 


see ee eee eee ee eeoeee eee eeeeeeeeeeeeeeeeeee eees 


EVERY TYPE-EVERY USE 


okKF. 


. oxr ; DELPHIA 32. P 
Spherical, Cylindrical, Ball, “Tyson Tapered and REED Miniature Bearings ee 


ee ee ove e ewww eevee 
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SLICE COSISI] 
BY SLICING] 


Fabricating parts from long lengths of “premachined” shapes reduces machining, scrap, and finishing 


The lock components shown above are typical of 
some 20 different precision brass parts which Welch, 
Inc., Waukegan, IIl., makes for its broad line of locks 
and latches, from Anaconda extruded shapes. 
Welch works closely with Anaconda specialists 
from early design stages. New lock mechanisms are 
built around parts which can be cut by a metal slit- 
ting saw from long lengths of extruded shapes with 
minimum subsequent machining and scrap. The use 
of bar stock is never considered when there is the 
slightest possibility of designing savings into a part 
by means of a brass extrusion. 
Superior quality, too. Parts made from extruded 
shapes are characterized by their strong, homoge- 
neous, wrought-metal structure. And the smooth, 
extruded surfaces reduce many finishing operations. 


MAY 1960 


More and more manufacturers are cutting fabri- 
cating costs and maintaining quality by using these 
preformed or, in effect, “premachined” shapes. For 
imaginative and practical help in adapting extruded 
shapes to the economical production of intricate 
parts, call your Anaconda representative or write: 
The American Brass Company, Waterbury 20, 
Conn. In Canada: Anaconda American Brass Ltd., 
New Toronto, Ont. 604 


Extruded Shapes « Special-Shape Tubes « Die-Pressed Forgings 


ANACONDA’ 


products made by The American Brass Company 


Circle 127 on Inquiry Card 





NEW! Etched and Plain Foil Single-Case 


Tantalex® Capacitors in Both Polar and Non-Polar Designs 


When you specify Sprague, you pay no penalty in 
size and weight because of an extra outer shell on 
125°C tubular foil tantalum capacitors! 

Sprague’s new family of foil Tantalex capacitors 
for 125°C operation uses only a single case. An 
improved end-seal construction does away with the 
need for a supplementary second outer case. 

Manufactured to exceed the performance require- 
ments of Military Specification MIL-C-3965B, this 
new series of capacitors sets new standards of 
reliability for all types of military and industrial 
applications. 


Polarized capacitors are available under the desig- 
nation Type 120D in plain foil construction and 
Type 122D in etched foil construction, while non- 
polarized units are listed as Type 121D in plain foil 
and Type 123D in etched foil designs. 


These outstanding new Tantalex capacitors are 
available promptly in production quantities. If you 
need small quantities overnight, key Sprague indus- 
trial distributors stock the more popular items in the 
Type 120Dand 122D polarized designs. Non-standard 
ratings are also available for special applications. 


For complete technical data on these new Tantalex capacitors, write 


for Engineering Bulletin 3602A to Technical Literature Section, 
Sprague Electric Company, 307 Marshall Street, North Adams, Mass. 


‘SPRAGUE COMPONENTS: 


Se 


THE MARK OF RELIABILITY 


CAPACITORS « RESISTORS + MAGNETIC COMPONENTS «¢ TRANSISTORS «+ INTERFERENCE FILTERS + PULSE NETWORKS 
HIGH TEMPERATURE MAGNET WIRE + CERAMIC-BASE PRINTED NETWORKS +¢ PACKAGED COMPONENT ASSEMBLIES 


32 Circle 128 on Inquiry Card 


ELECTRICAL MANUFACTURING 





Impact of the Space Age on Design 


IN THEME, in content and in format, this current 
(May) issue of ELecTricaAL MANUFACTURING 
differs from our standard issue: in theme and 
in content it ties in with the philosophy of the 
1960 ASME Design Engineering Conference, to 
be held in New York, May 23-26; in format, 
it is “modular” in that, for the convenience of 
the reader, the entire issue (both editorial and 
advertising content) is divided into four pack- 
aged parts, each relating to a major aspect of 
design engineering — Materials, Components, 
Systems, and Test and Measurement. 

From the beginning (1956), ELectricaL 
MANUFACTURING has identified itself with the 
Design Engineering Conference and concurrent 
Show because this is the one annual meeting 
that has served the interests of the design en- 
gineer on a broad scale. It is not a meeting of 
specialists in a narrow field, but a “catcher- 
upper” review for non-specialists concerned with 
the design and development of engineered prod- 
ucts. 

This year the underlying theme is what design 
engineers in industry can learn from the ad- 
vanced technologies of the space and nuclear 
sciences where all the excitement appears to be. 
Specifically, this means design to meet severe 
environments — shock, vibration, extreme tem- 
perature, and nuclear radiation. Also new re- 
quirements in terms of much greater system 
reliability, tighter dimensional tolerances and 
increasing systems complexity, with the overall 
implication of test and measurement. In short, 
the impact of the space age on original equip- 
ment design. 

The scope of this issue differs from that of 
the Design Engineering Conference (which is 
under the sponsorship of the ASME Machine 
Design Division) in that electrical and electronic 
phases of design are emphasized; it is broader 
in that we include design functions like test and 
measurement and have dug deeper into com- 
ponents, although we can hardly expect to match 
the wide variety to be seen at the coming Show. 
And, to be sure that we have put the whole thing 
into proper perspective for the design engineer, 
we precede each section with a broad “State 
of the Art” review. 


In this issue various materials and components 
are examined for their resistance to extreme 
environments, for quietness of operation (as in 
submarine motors) and for trends in micro- 
miniaturization, plus new orders of dimensional 
tolerances in ball bearings. Partly as a result of 
space vehicle demands, thermoelectric devices 
are coming on the market, the first in the form 
of heat pumps for cooling electric devices. Over- 
all reliability considerations are in the back- 
ground of all these articles. The Conference 
itself has two excellent papers scheduled dealing 
with systems reliability concepts of wide ap- 
plicability in complex industrial systems. 

Complexity of design of space systems has 
led to the wide use of large analog and digital 
computers for their synthesis and analysis. These 
are techniques that could be equally useful in 
solving industrial control problems. Computers 
are also an inherent part of control systems for 
space vehicles and missiles and are rapidly 
getting into the industrial field. Both aspects 
of computers are examined in this issue and at 
the Conference. 

Molecular engineering, the subject of our 
Science and Engineering insert this month, is 
related directly to the broad problem of com- 
plexity in systems with its resultant demands 
upon space, weight and reliable electrical con- 
nections. This newest concept in materials syn- 
thesis should be of major concern to designers 
of any type of equipment, whether in the field 
of space technology or broader industrial ap- 
plications. 

May ELectricAL MANUFACTURING therefore 
supplements the Design Engineering Conference. 
To get the best overall viewpoint, one should 
attend the Conference and study this issue. One 
should also visit the Design Engineering Show 
to examine materials, component parts and sys- 
tems that can be designed into virtually every 
type of engineered product, from household ap- 
pliances to space vehicles. 





‘SCIENCE & 


Molecular Engineering— 


An Evolution in Understanding 


ARTHUR R. VON HIPPEL 
Laboratory for Insulation Research 
Massacuusetts INsTITUTE OF TECHNOLOGY 


Cambridge, Massachusetts 


WHEN EXPLORATION opens a world of new dimen- 
sions. our old habitats suddenly look shopworn and 
unexciting, until balance is restored in a setting of 
wider horizons. This “being pushed off the center 


of the stage’ 
engineering. whose constructions, tests, and ideas 


happening at present to classical 


derive from macroscopic concepts of daily experi- 
ence. But behind this structure of familiar phe- 
nomena, science discerns with rapidly increasing 
clarity the molecular world in action. Macroscopic 
phenomena become understandable expressions of 
molecular events, and as fast as the new insight of 
Molecular Science emerges, it can be applied 
Volecular Engineering for designing materials and 
devices to order. 

New fields of learning breed new specialists, and 
the augmented confusion of tongues brings nearer 
the catastrophe of the Tower of Babel. The advent 
of Molecular Science and Molecular Engineering. 
in contrast, acts as a decisive antidote: it obliterates 
the barriers separating departments and schools in 
a great drive for the synthesis and application of 
knowledge in the realm of atomic dimensions. All 
disciplines begin to feel home in a world con- 
cerned with electrons, atoms, and molecules domin- 
ated by electric and magnetic forces, according to 
the laws of quantum mechanics. In systematically 
dealing with situations of increasing complexity, 
from diatomic molecules to the giant molecules of 
macroscopic aggregates and network systems, we 


Editor’s Note: Dr. Arthur R. von Hippel is Professor 
of Electrophysics and Director of the Laboratory for 
Insulation Research at the Massachusetts Institute of 
Technology. One of the leading authorities in the world 
in his field, he is the author and editor of many im- 
portant contribations to the literature, particularly on 
modern materials research. Recipient of many honors, 
Dr. von Hippel holds the Presidential Certificate of 
Merit and is Fellow of the American Academy of Arts 
and Sciences, the New York Academy of Sciences, the 
American Physical Society, and the American Asso- 
ciation for the Advancement of Science, and is a 
member of many other scientific and learned societies. 
He obtained his Doctorate in physics from the Univer- 
sity of Gottingen. 

Special Features Editor Alex. E. Javitz, the author 
of this month’s Science and Engineering article, “Intro- 
duction to Molecular Engineering,” is well known to 
readers of ELectricAL MANUFACTURING for his frequent 
articles on electrical insulation, plastics and other 
materials as well as on related devices. He holds a 


learn to cope with gases, liquids, and solids; to 
advance from individual electric and magnetic 
dipoles to the coupled dipole arrays of ferroelectrics 
and ferromagnetics; to transform insulators into 
semiconductors and metals; to understand and con- 
trol the mechanical and thermal properties of 
matter; and to progress with insight from simple 
inanimate structures to the living world of biology 
and medicine. 

This evolution in understanding, quietly gather- 
ing momentum in the laboratories for many years, 
now bursts upon society with revolutionary force. 
Our present organizations for handling research 
and evaluation, development and production, based 
on the specialist’s approach, are largely antiquated. 
Fundamental changes have to come: in the uni- 
versities, where research begins to migrate out of 
departments into interdepartmental centers; in in- 
dustry, where empirical advance gives way to 
imaginative, long-range foresight; in government, 
where a defense budget, properly spent, can assure 
us a place second to none in the world of tomorrow. 

Keen action is needed but is frustrated and 
blocked by a mismatch in communication. Scien- 
tists and engineers, at the working level, speak 
language and have visions of the future frequently 
beyond the range of experience of administration. 
Interpreters are required between these two worlds. 
In his review, “An Introduction to Molecular En- 
gineering,” beginning on the opposite page, Mr. 
Javitz, who follows the trends of science and indus- 
try as an engineering editor, has a natural vocation 
to fill an interpreter’s role. His views on molecular 
engineering will certainly be gratefully received 


by many readers. 
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Introduction to 


MOLECULAR ENGINEERING 


ALEX. E. JAVITZ, Special Features Editor 


The application of molecular science to the design of materials 


and devices and their articulation into systems and equipment. 


¢ PART I— The Concept; Definitions and Examples 
e PART II—The Building Blocks of Molecular Science 
¢ PART IIJ—Molecular Engineering at Work 


“The history of civilization can be written in terms of the transformation and use of materials. 


I—The Concept; Definitions and Examples 


Molecular science is the study of and insight into the 
elementary constituents of matter in action. Molecular en- 
gineering may be defined as the application of molecular 
science to the design and development of materials and 
devices of prescribed characteristics. It may be defined 
further as that activity which brings to bear on practical 
engineering problems the predictive capabilities inherent 
in the molecular structure of materials. The study of 
molecular phenomena also makes it possible to obtain 
a deeper knowledge of the nature and mechanism of fail- 
ure in materials; appropriate safeguards or remedies against 
such failures can be built into materials at the molecular 
level. 

The concept of molecular engineering has still another 
significant aspect: it inevitably leads to the conclusion that 
the classical divisions of science and engineering into 
various segregated disciplines are no longer tenable. Not 
only are “materials indivisible in their design application” 
(/)* but the activities and functions of physicists, chem- 
ists and engineers are also indivisible. A “unified vision” 
of the fundamental properties of matter and their applica- 
tions is needed. 


The Basic Levels of 
Molecular Engineering 


Ideally, molecular engineering would entail a complete 
dependence on the tables of atomic constants for the selec- 
tion of constituent elements to be combined into sub- 
stances that would exhibit the prescribed properties. This 
approach could be described as the primary level of 
molecular engineering. But this approach is not feasible 
in all instances, owing to still existent gaps in our knowl- 
edge. In instances where our theoretical knowledge is not 
good enough to relate the macroscopic properties to atomic 
constants, we have to approach molecular engineering on 
another, or secondary level: in this approach, we relate 


® Italic numerals in parentheses refer to Cited References at end of article 
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the known properties of a given material to the funda- 
mental properties of its crystal structure, rather. than to 
those of the atoms that constitute the crystal. We start 
with the crystal, measure its fundamental properties, and 
from these calculate the properties desired for a prescribed 
material. 

Traditionally, the engineer has gone to his sources of 
macroscopic properties of materials and has specified his 
needs solely on the basis of such data. In the context of 
molecular engineering (whether at the “primary” or “sec- 
ondary” level), it can be seen that the engineer makes use 
of the macroscopic properties of materials on the basis of 
an understanding of their microscopic properties. 

The two levels of molecular engineering will be illus- 
trated by brief examples: (2) 

In the first, glasses for certain research equipment are 
required to possess specific indices of refraction. Since we 
know that molecular refractivities are additive, a knowl- 
edge of the ionic refractivities and the molecular volumes 
of the constituent ions will make it possible to predict 
reasonably well the refractivity of a given glass. Con- 
versely, we can produce a glass of given refractivity by 
supplying the necessary ions for the required glass com- 
position. 

The development of Fe-Ni magnetic alloys (Permalloys) 
as materials of high initial permeability is an example of 
the “secondary” approach to molecular engineering. Ref- 
erence to the literature will show that permeability de- 
pends on the concentration of nickel in the alloy. For the 
proper heat treatment there is a very large peak in the 
permeability at about 79 per cent nickel. It is also known 
that the initial permeability is essentially controlled by two 
constants; the magnetic anisotropy constant, and the 
magnetostriction coefficient. The permeability tends to 
be the greatest when the magnetostriction coefficient is 
minimum. There are, however, several magnetostriction 
coefficients pertaining to a given crystal. Which one is 
operating depends entirely upon the direction of magneti- 
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zation with respect to the axis of the crystal. This direc- 
tion of magnetization is chosen solely on the basis of the 
magnetic anisotropy constant. Hence, the anisotropy con- 
stant determines the direction of magnetization in the 
crystal, and then the magnetostriction coefficient along 
that direction determines the magnitude of the initial per- 
meability. 

As the amount of nickel in the alloy is varied, two 
things occur: for slowly cooled alloys, the anisotropy con- 
stant becomes fairly large and negative for alloys contain- 
ing 70 to 80 per cent nickel. The magnetostriction coef- 
ficient corresponding to the direction in the crystal indi- 
cated by the negative anisotropy constant passes through 
zero at about 80 per cent nickel. At this composition, 
then, it is expected, and found, that the permeability goes 
through a maximum. Hence, a knowledge of the behavior 
of these fundamental constants can be used to predict the 
behavior of the initial permeability as the alloy concen- 
tration is changed. Other magnetic properties also depend 
upon these constants, and so materials with given combi- 
nations of engineering properties can be chosen on the basis 
of available data. 

Several other examples can be given briefly: 


a. The preparation of ferrites of known magnetic moment by 
deducing the magnitude of the magnetic moment from a knowl- 
edge of the moments of the transition metal ions and a 
knowledge of the relative tendency of the ions to occupy given 
sites in the crystal lattice. 

b. The preparation of n- and p-type germanium and silicon 
of known charge-carrier concentration, based on the addition 
of particular impurities. (This is approximately equivalent to 
the preparation of material with known electrical properties). 

c. The building or synthesis of polymers with predictable 
properties. 

d. Generally, the developments in semiconductor materials 
and devices. 


One of the most outstanding examples of successful 
molecular engineering is the maser, which will be discussed 
in some detail in a later section of this review. Molecular 
engineering has also been applied to some of the current 
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work in solid-state electronic devices and in thin-film re- 
search. Again, some additional discussion will be given 
later. 

The properties of metals are now being approached by 
the physical metallurgists as being structure-sensitive. This 
means that the properties (strength, electrical conductivity, 
magnetic characteristics, corrosion resistance, and others) 
are a function of the atomic or the micrographic (crystal) 
structures and can be controlled by designed-in changes 
in such structures. 

Although the relation of metal treatments, such as 
precipitation hardening, to microstructure has been in- 
vestigated at length and is well known, important areas of 
information are still empirical. It is entirely logical to sup- 
pose that further studies on a molecular level will give 
new insights into the nature of these treatments and may 
make it possible to alter existing methods as may be 
necessary, or even to devise completely new treatments. 

We have so far stipulated two levels of approach to 
molecular engineering; (a) the primary approach, which 
is based completely on the use of atomic constants of the 
constituent ions of a material; and (b) the secondary ap- 
proach, which begins with the known empirical or semi- 
empirical data for a given material and relates such data 
to available atomic properties. But since the starting point 
in molecular engineering (no matter which approach is 
used) is the presumably pure atom, we must also con- 
sider the effects of natural or induced impurities, of crys- 
tal structure, and of vacancies, dislocations and other de- 
fects. Consequently, in addition to the principal approaches 
described, we have the following subsidiary, but important, 
approaches to molecular engineering: 

a. control of imperfections in materials (defect 

population and arrangement) 
b. purity in materials 
c. form in materials. 


Effects of Imperfections 


Defects or imperfections in a crystalline solid may be 
thought of as naturally occurring deviations from the 
idealized structures as described in textbooks, such as 
face-centered crystals that are endlessly and perfectly re- 
peated. The deviations strongly influence properties such 
as electrical conductivity, creep, and the physical break- 
ing strength (failure point). Although the types and prop- 
erties of defects that are found in a given material depend 
on the atomic constants of the material, the theory is as 
yet not sufficiently well known to make it possible to 
develop quantitative information. Much research at present 
is therefore directed toward studies of the properties of 
the defects themselves and their relation to the macroscopic 
physical properties of the solid material. 

As applied to molecular engineering, the purpose of 
such studies is to control the nature of imperfections in 
any given structure so as to attain a material with the 
prescribed properties. Typical of such work is that being 
done on creep of crystalline nonmetals such as ceramic 
oxides. This work is important owing to the requirements 
for high-temperature load-bearing ceramic materials and 
the increased importance of the sintering process in the 
fabrication of ceramic parts. Materials to be used at high 
temperatures and under high stress and over extended 
periods must not undergo excessive creep, although a cer- 
tain degree of ductility may be desirable to relieve stress 
concentrations. On the basis of studies of defects and other 
factors such as grain boundaries, it may be possible to pre- 
dict the behavior of certain crystal structures. 

The presence and motion of imperfections and their in- 
fluence on the structure-sensitive properties of metals form 
an important aspect of contemporary physical metal- 
lurgy. For example, by appropriate means (such as re- 
cently developed electron-beam photography) the motion 
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Fig. 1—Microstructure effects on copper powder, 74-micron 
particle size, by additions of zero to 10 per cent of 0.3 micron 
alumina. Graph shows Rockwell E hardness vs annealing tem- 
perature after 50 per cent cold work and 1 hr annealing at 
indicated temperature. [Source: Cited Reference (3).] 


of dislocations under stress can be observed and the ob- 
servations applied toward an understanding of the nature 
of failure phenomena. 

Another important aspect of physical metallurgy is the 
synthesis of microstructures of prescribed characteristics. 
As an illustration (3) take a sintered aluminum powder 
that exhibits superior tensile strength properties at high 
temperatures as compared to standard commercial alu- 
minum alloys. This behavior is directly due to its micro- 
structure, in which fine aluminum particles are surrounded 
by a thin layer of aluminum oxide (up to 20 per cent by 
volume) which is responsible for the stability and high 
temperature resistance. Copper-base alloy studies at M.I.T. 
were based on the sintered aluminum-powder “model” 
microstructure. 

Alumina powder (in a suitable particle size) has been 
dispersed in a copper matrix and subjected to cold work. 
The copper-alumina composite retains its hardness and 
strength to a considerably higher temperature than does 
pure copper. (See Fig. 1.) At General Electric Research 
Laboratory, this work was extended to nickel-chromium- 
aluminum alloy. Here the actual synthesis has been more 
straightforward than with the alumina-copper, since the 
particles of each constituent are actually precipitated from 
solid solution. A high nickel-base alloy has been produced 
which is ductile and will retain its strength up to about 
three-quarters of its melting point. The results here are 
directly owing to a study and understanding of the frac- 
ture mechanisms, the precipitation kinetics, and the rela- 
tion of the microstructure to the physical properties. 


Purity of Materials 


The imperfections or defects that occur in crystal struc- 
tures are one aspect of the much broader problem of pure 
materials. The imperfections found in crystal structures 
have already been described here as naturally occurring 
deviations from the ideal. The critical problem is to under- 
stand the nature of these defects and their relation to or 
influence on macroscopic properties. When we come to 
impurities in materials, the problem in relation to molecu- 
lar engineering is both broader and more complex. 

The pure materials that we are discussing have been 
defined as “substances whose further refinement toward 
the state of ideal purity cannot be detected by any pres- 
ently known technique.” (4) This definition implies a 
continual need for further purification. Also, purity as de- 
fined here is not equated with the traditional concept of 
“chemical purity.” Every kind of deviation from ideal 
purity is encompassed by this definition. The deviations 
may be imperfections of molecular, atomic or subatomic 
character; or they may be simple contaminations that occur 
in nature or during manufacturing processes. 
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We have already stated that we need pure materials in 
the application of molecular engineering because at the 
starting point of molecular investigation is the atom. The 
need is two-fold: (a) the research need for pure materials, 
and (b) the eventual mass-production needs for the same 
materials. 

The research need for pure materials is an imperative 
necessity in molecular engineering work. If we can ap- 
proach as closely as possible to the state of ideal purity 
of a substance, we can so much better (and more pre- 
cisely) characterize its properties. We can also understand 
so much more realistically how these substances are af- 
fected by the addition of impurities on a controlled basis, 
or how changes in crystal or molecular structures affect 
their behavior. By re-appraising and investigating mate- 
rials in conditions of increasing purity, it will be possible 
to obtain a new insight into their behavior and to revise 
the existing tables of critical properties into more mean- 
ingful terms. 

[he ability to mass-produce materials of utmost purity 
is by no means a theoretical problem, but one that will 
have to be solved in the foreseeable future. It is far from 
being a problem that relates only to materials for so-called 
“exotic” requirements such as space-vehicle materials. On 
the contrary, authoritative opinion looks to broad indus- 
try needs for such materials. In respect to materials, “the 
whole of technology is facing a radical changeover.” (4) 
Materials that will be increasingly “designed” by molecular 
engineering will as increasingly impose new standards for 
purity, homogeneity and precisely reproducible and uni- 
form characteristics on production standards and produc- 
tion process lines. In the future context of specifications 
for given materials systems, some measure of absolute 
purity will not be unusual. 

Progress toward mass-production techniques has been 
measurably helped in recent years by many materials- 
research techniques such as zone melting, crystal growth, 
tracer analysis, activation analysis, vacuum purification, 
and electric-furnace melting. A number of new measure- 
ment and analytical processes (although not conventionally 
associated with materials) should find broad applicability 
in the realization of mass-produced pure materials. 


Effect of Form in Materials 


A good example of this aspect of materials studies is 
the work in single-crystal growth. Another one is the work 
in thin films. Essentially, the effect of form in materials 
is inherent in the problems and studies related to imper- 
fections and purity. 


Interim Summary 

Up to this point, we have reviewed the concept of 
molecular engineering and developed certain definitions. 
The relation of molecular engineering to classical macro- 
scopic law has been explained. Several examples of mate- 
rials developed by means of molecular engineering were 
briefly described. The discussion has stressed the view- 
point that molecular engineering is the application of 
molecular science to the design of materials and devices 
and their articulation into systems and equipment. 

The subsidiary, yet very important, problems of im- 
purities and imperfections in materials were discussed and 
the need for pure materials both for research and eventual 
mass production was emphasized as being of concrete 
and practical importance to the design engineer. 

One other important contribution of molecular engi- 
neering to systems and equipment design should be noted 
at this point: not only are materials molecularly built to 
meet prescribed requirements, but the same materials exer- 
cise a feedback influence (see Fig. 2). The characteristics 
they have attained in turn stimulate new ideas and further 
advances in design. 
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Before we move into the next part of the review 
(which will summarize pertinent areas of molecular 
science) two misconceptions should be resolved: 


1. There is a widespread misconception that molecular 
engineering is to be equated solely, or at least primarily, 
with microelectronics. Granted that molecular engineer- 
ing is at the heart of some (definitely not all!) contem- 
porary work in this field, the concept and application of 
molecular engineering is universal and is as pertinent to 
materials needed for normal-sized structures, or even mas- 
sive structures, as to a miniscule device. 


2. The second misconception stems from the first. It 
implies that molecular engineering is primarily or perhaps 
solely applied to electronic materials. Here again, the 
universality of the concept leads to its use in many varied 
and diverse fields, such as damping fluids, fuel oils, and 
pharmaceuticals. Indeed, exceeding all applications in en- 
gineering may be the research effort in proteins and nuc- 
leic acids related to the mechanisms of the life processes. 


Molecular 
engineering 


Materials 
and 
devices 


Molecular 
science 
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Systems 
and 
equipments 


Fig. 2—A symbolic representation of the closed servo loop con- 
cept of the integration of materials, devices, systems and equip- 
ment. 


Ii—The Building Blocks of Molecular Science 


In this discussion of the concept and design significance 
of molecular engineering we are concerned with one over- 
riding factor: we begin with the elementary building 
blocks, the primary particles, of matter. Each problem 
to which we decide to apply the molecular approach means 
a new study of these primary particles. We can inves- 
tigate these particles as entities in gas, or as building ele- 
ments in the formation of liquids and solids. In extremely 
simple terms, we can record and predict the macroscopic 
behavior of a material if we know its molecular properties. 

The fundamental macroscopic laws have been reviewed 
in previous articles in our Science and Engineering Series 
as related to major classes of materials: dielectrics, mag- 
netics, polymers and metals. These laws have been inter- 
preted (in varying degree) in terms of the molecular struc- 
ture and behavior of given substances. (5, 6, 7, 8) Space 
does not permit a complete re-examination here of the 
material already published. Summaries are therefore given 
in Table I so as to provide a fresh orientation for our next 
step: a quick re-statement of the macroscopic and molecu- 
lar approaches to the nature and properties of materials. 


The Elements of the 
Maecroscepie Approach 

Complex permittivity (dielectric constant) and perme- 
ability can be established as the fundamental macroscopic 
parameters by which to describe a material exposed to 
a sinusoidal field. These parameters are then further de- 
veloped by systematic exposition of the electric and mag- 
netic field concepts: (9, 10) 


1. We define the magnetic field vectors, magnetic flux 
density, field strength and magnetization. The dimensions 
of the magnetic dipole moment are determined by the 
torque equation. 

2. The potential concept is formulated. Coulomb’s law 
is shown as a special case of the general force law for 
spherical symmetry. The electric dipole field is developed 
by the superposition of the Coulomb fields of two opposite 
point charges. The potential gradient of the dipole field is 
also the general force that acts on a dipole in an external 
field. , 

3. Space-charge fields are analyzed in integral and dif- 
ferential formulations. 

4. Electric and magnetic phenomena are correlated. 
Owing to the inter-relation between magnetic fields and 
electric currents, the dimensions of the magnetic dipole 
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moment (and of all magnetic quantities) are reducibte 
to electrical and mechanical dimensions. 

5. Maxwell’s two field equations are obtained by exten- 
sion of Ampere’s circuit law and Faraday’s induction 
law to all space. Maxwell's field equations can be written 
in complete symmetry (except for a negative sign) in 
terms of complex permittivity and permeability, respec- 
tively. These equations thus describe the coupling between 
the electric- and the magnetic-field vectors, and their inter- 
action with matter in space and time. 

6. The wave equations of the electromagnetic field are 
derived and solved from the Maxwell field equations. Ex- 
pressions are obtained for the complex propagation fac- 
tor, wavelength, phase velocity, and intrinsic impedance. 
Quantitative formulations of dimensions and units are 
developed (Table II). 

7. Forces in electric and magnetic fields are analyzed. 

8. The energy content of the electromagnetic field and 
its flow are considered. 

9. The polarization state of a field is defined. 

10. Dipole radiation is calculated. 

11. Reflection and refraction of waves at boundaries are 
used for measuring the interaction between electromag- 
netic waves and materials. Boundary conditions are there- 
fore introduced for static fields, also for plane waves 
striking the interface between two materials media. Snell’s 
laws’ of reflection and refraction are developed, followed 
by an analysis of Fresnel’s equations, which prescribe the 
amplitudes of the reflected and transmitted waves and 
their states of polarization. 

12. The macroscopic approach proceeds to a discussion 
of the reflection and refraction of plane waves by loss-free 
materials, to standing waves and their application in the 
measurement of dielectric characteristics, and to inter- 
ference optics. 

13. The effect of electromagnetic waves on metals (skin 
effect) is considered. It is shown that metals are not 
total reflectors, but in fact transmit a highly attenuated 
beam. 

14. The extremely complex phenomenon of oblique 
incidence on media with loss is discussed as a general case. 
The index of reflection is a function of the angle of inci- 
dence. The appearance of longitudinal field components 
leads to complicated phase shifts. 


t See the Glossary for definitions. 


Text continues on p 42; Tables 1 
and Il appear on pp 40 and 41. 





Table i—The Molecular Key To Behavior of Materials* 


© Metals 


When atoms of a metal approach each 
other, there are two forces which affect 
the internal energy of the atoms: a re- 
pulsive force when the outer electron 
shells overlap, and an attractive force 
which tends to bring them closer together. 
The first force tends to raise the external 
energy and the second force tends to 
lower it. At some distance these two 
forces will just balance each other and 
the internal energy will be a minimum, 
corresponding to an equilibrium condi- 
tion. If the atoms are visualized as 
spheres just touching at equilibrium, then 
this distance may be considered as the 
atomic diameter. 

Since atoms tend to assume relatively 
fixed positions, this gives rise to the for- 
mation of crystals in the solid state: a 
crystal being a regular geometric arrange- 
ment of atoms. The atoms oscillate about 
fixed locations and are in dynamic equi- 
librium rather than being statically fixed 
The three-dimensional network of imagi- 
nary lines connecting the atoms is called 
the space lattice 

In the crystal structure of a metal, 
there exist parallel planes of high atomic 
density and correspondingly wide spac- 
ing. Any movement in the crystal takes 
place either along these planes or parallel 
to them. When a material is stressed 
below its elastic limit, the resulting de- 
formation or strain is temporary. When 
it is stressed beyond the elastic range, it 
will never return to its original shape 
Plastic or permanent deformation has 
taken place. 

All the properties of a metal which 
are dependent upon the lattice structure 
are affected by plastic deformation. Ten- 
sile strength, yield strength and hardness 
are increased while ductility is decreased. 
Since the lattice is distorted due to plastic 
deformation, the flow of electrons is hin- 
dered and electrical conductivity de- 
creases. Corrosion resistance also de- 
creases because the energy content of the 
crystal is raised. 

Since full annealing restores the mate- 
rial to a strain-free lattice structure, it 
is essentially a softening process. Prop- 
erty changes produced by plastic defor- 
mation are removed and the material re- 
turns very nearly to its original proper- 
ties. 


> Ferromaegnetics 


If the composition of a homogeneous 
alloy is broadly near 50-50 or 25-75 in 
atomic per cent, there is usually a ten- 
dency of the atoms to form an ordered 
structure. Ordering is generally undesir- 
able in soft magnetic materials; it lowers 
the resistivity and generally increases 
brittleness. Magnetically, ordering would 
not necessarily be undesirable if it were 
complete, but any material is at best only 
close to perfectly ordered. The regions 
where order is not perfect can be looked 
upon as inclusions of a different material. 
If an attempt to suppress ordering is not 
completely successful, the ordered re- 
gions then become inclusions. Ordering 


* Sources: Cited References (5, 6,7, 8). 
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can generally be completely suppressed 
by adding a sufficient amount of a third 
element and by proper heat treatment. 

The tendency to order, plus the appli- 
cation of a magnetic field during anneal- 
ing, can lead to useful effects on the 
anisotropy. If the annealing temperature 
is above the temperature at which atomic 
ordering occurs, the presence of the field 
induces local changes in the anisotropy 
perhaps due to varying degrees of atomic 
order in different directions. The anneal 
in a magnetic field results in a uniaxial 
anisotropy superimposed upon the usual 
crystalline anisotropy. The direction of 
the uniaxial anisotropy is controlled by 
the magnetic field applied during anneal- 
ing. Such anisotropy is useful for produc- 
ing rectangular loops and decreasing co- 
ercive force, if the material is then used 
with the uniaxial direction aligned with 
the field. If the material is used with the 
field perpendicular to the uniaxial direc- 
tion, the result is a constant-permeability 
material. 


© Dielectrics 


The changes that organic substances 
undergo from heat alone may be divided 
into three types: decomposition, poly- 
merization, and interaction. Decomposi- 
tion involves destruction of a material 
into more elementary materials. Poly- 
merization implies the construction of 
more complex molecules from small re- 
petitive units. Interaction is the process 
by which molecules lose their original 
inertness toward neighboring molecules 
and form materials not originally present. 
All three processes involve the formation 
of molecular fragments called free radi- 
cals which, in turn, determine the course 
of the reaction. 

Gases possess the property of filling 
completely any available space to a uni- 
form density. The gaseous state of mat- 
ter is that in which the molecules are 
practically unrestricted by cohesive 
forces. The kinetic theory suggests that 
gases may be considered to consist of 
individual particles of matter; that each 
molecule possesses so much energy that 
it is in constant motion; and that, owing 
to its state of agitation, each molecule 
spends the greatest period of its existence 
unattached in space. All the molecules of 
a given gas have the same size and mass. 
At low pressures they occupy only a 
negligible amount of the total volume of 
their container. They are so far apart 
that no attraction arises between neigh- 
boring molecules. Gases condense to 
liquids and solids at very low tempera- 
tures and high pressures. 

A liquid is a material in such a state 
that, although it has a discrete volume, 
its shape is dependent on the shape of its 
container. The molar volume of a liquid 
is the volume occupied by 6.02 « 1025 
molecules. It is therefore directly meas- 
urable. It is numerically equal to the 
molecular weight divided by the density. 
This factor is important in theoretical 
dielectrics because it appears in the 
Debye equation involving molar polariza- 
tion. In general, the electric properties of 
liquids differ from those of gases in the 


same way that other properties differ. 
These differences are attributed to the 
interactions of neighboring molecules. 
The dipole moments of liquids are diffi- 
cult to determine because the molecules 
tend to associate. Consequently, the 
measured dielectric constant of the liq- 
uid is not always proportional to the 
sum of the dipole moments of the indi- 
vidual molecules. 

The study of solid dielectric materials 
is deeply involved with crystal structure 
which relates the elementary constitution 
of the material to its properties and crys- 
tal habits. Solids are materials in a state 
in which they have both volume and 
shape. Solids are distinguished from one 
another on the basis of their chemistry 
as well as the degree and type of orderli- 
ness of constituent atoms. 


& Polymers (Plastics) 


The structure of a polvmer molecule. 
as well as the position of each group of 
atoms in space, appreciably affects the 
ultimate properties of molded plastics 
parts. The stronger the cohesive forces 
are between molecules, the higher will be 
the melting point. 

Three cohesive or associated forces are 
considered in deriving the theoretical 
streneth of a group of molecules. These 
forces are termed associative because 
they exist or are capable of existing be- 
tween molecules. They are: van der 
Waals forces, dipole interaction, and hy- 
drogen bonding. 

The theoretical basis for the mechan- 
ical properties of polymeric materials 
rests on the following: “A molecule will 
exert an attractive force on an adjacent 
molecule and this results in the macro- 
scopically observable mechanical proper- 
ties of the material.” Such forces are 
called van der Waals forces. In the case 
of polymers, the principle envisions a 
number of sausage-like particles (mole- 
cules) cohering in the form of a bundle. 
The rigidity of the bundle depends on the 
friction between neighboring molecules 
and the degree of internal orderliness. 

Dipole interaction is present in liquids 
and solids where the molecules possess 
permanent electric moments. Such mo- 
ments are found in polyvinyl chloride, 
halogen fluorocarbons, and alkyd resins. 
These resins are permanently polarized 
and as such attach themselves electro- 
statically to adjacent molecules, in the 
same manner as magnetic materials inter- 
act. This is the force which causes the 
liquid dielectrics pentachlorodiphenyl and 
castor oil to exhibit such high boiling 
points, although other molecules of the 
same molecular weight boil at much 
lower temperatures. 

The dipole interaction effect is two to 
three times as strong as the simple van 
der Waals attraction, but it is more sensi- 
tive to temperature, geometry and elec- 
tron forces. To produce high-strength 
materials, more than the introduction of 
dipoles into a polymer is needed. A 
structure that can associate its compon- 
ent molecules in a closer-packed configu- 
ration than another can take greater ad- 
vantage of the dipole interaction. This 
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is one of the reasons a polyester like 
Mylar film is so strong. 

A third force, hydrogen bonding, is 
significant to the strength of polymers. 
This is the force that holds water in the 
liquid state until it reaches 100 C. Most 
molecules having a molecular weight of 
18 are gases at room temperature and 


pressure, but the water molecule is so 
closely bonded to its neighbors that it ac- 
tually shares its constituent atoms with 
them. This force is one of the strongest 
available in polymer chemistry; it is the 
force that makes the polyamides like 
nylon so strong. 

Since all the forces described are as- 


sociative forces, it follows that any 
counter-associative force will reduce the 
theoretically obtainable mechanical prop- 
erties. Such forces include heat, cavities 
or voids, and plasticizers. The first is 
obvious and the second is related to 
molecular structure, while the third has 
an effect on both dielectric constant and 
dielectric loss factor of polymers. 


Table Il — Typical Quantitative Macroscopic Units and Defining Equations 


Quantity Defining equation Quantity Defining equation 


Symtol Symbol 


Admittance | 


k=a/B 
g/d 


Index of absorption 


E, 
= Index of refraction n ino 


Attenuation constant E 

v 

Q/V Inductance 
1 — je | 

n(1 —_ Jk) | él’ 

Loss tangent (dissipation | tan =— 

| € 


Capacitance 


L 
, dI,,/dt 


Complex dielectric constant =e 
Complex index of refraction 


factor) 
Magnetic dipole moment m —=IFn 


Complex permeability 


Complex propagation func- 
tion : t | Magnetic field strength H-d/ 
Conductance 
Conductivity 
Magnetic flux 
Current 
Magnetic flux density 
(Magnetic induction) 
Current density 
Magnetic loss factor 
Dielectric conductivity 
Magnetic permeability 


Dielectric constant (permit- 





tivity ) Magnetic susceptibility 


Dissipation factor (see Loss Magnetization 
tangent) tan 6 
Electric charge 

Electric dipole moment Cd 


Primary unit Magnetomotive force 

Permeability (see Magnetic 
permeability) 

Permittivity (see Dielectric | 
constant) 


Electric field strength 


Phase constant 


$ vm dA [rae 
. -. potential) 


Potential (see Electric 
Sioss 


wE 


Electric polarization P=D —-«E 
1 


>; - E-d/ 


Electric flux density (dis- 
placement) 


Potential difference (see 
Electric loss factor Electromotive force) 
Power 


Q of a dielectric (quality 
factor) 


Electric potential 


Electric susceptibility 

Relative dielectric constant 

Relative magnetic perme- 
ability 

Resistance (direct current) 

Resistivity 

Torque 

Voltage (see Electromotive 
force) 


Electromotive force 


Electrostatic energy 

Force d(mv)/dt 
Impedance (characteristic) | =vV/I 
Impedance (intrinsic) E/H 








Source: Cited Reference (9). 
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Fig. 3—a) The properties of a representative 
capacitor dielectric and approximations by means of a simple 
3-element equivalent circuit. (b) The molecular explanation: pre- 


macroscopu 


15. The subject of guided waves, electromagnetic fields, 
and waveguides is developed, including methods for the 
measurement of dielectrics in shorted wave guides. 

16. Our traverse of macroscopic parameters comes to a 
close as we introduce the treatment of field phenomena 
by equivalent circuits. 

In Fig. 3, we provide a graphic bridge to our discussion 
of molecular parameters. This figure represents (a) the 
lumped-circuit equivalent of the macroscopic character- 
istics of Pyranol, a widely known capacitor dielectric; and 
(b) a molecular engineering explanation of the original 
development 


QOOOO® OOc 

OO OOOO 

QOOO0® OO®@ 
Fig. 4—Schematic representation of the four molecular mecha- 
nisms of polarization: electronic, atomic, orientation (or dipole) 


and space-charge (or inter-facial). [Source: Cited Reference 
(9).] 
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mpliance with prescribed 
hnoroacteristics for a 


opacitor dielectric 


scribed characteristics were for a dielectric that would be non- 
flammable and of a high dielectric constant. Selection of one of 
the isomers of trichlorobenzene (C,H ,Cl,) was indicated since 
combustion would be quenched by the presence of chlorine ions 
in a number equivalent to the hydrogen. The first requirement 
(nonflammability) was therefore satisfied. The second require- 
ment (high dielectric constant) was achieved (as shown) by an 
asymmetric polar structure, 1,2,4-trichlorobenzene. It is impor- 
tant to note that the flammability could have been met without 
satisfying the requirement for high dielectric constant; for 
instance, with a symmetric non-polar composition 1,3,5-tri- 
chlorobenzene. 


The Elements of the 
Molecular Approach 


Our molecular approach has this in common with the 
macroscopic: it emphasizes the interrelation of electric 
and magnetic phenomena. We can begin by asking what 
are the interactions of electrons, atoms and molecules 
that cause a given material to exhibit the characteristics 
of polarization and magnetization. Macroscopically, we 
are concerned with field vectors that represent the electric 
and magnetic dipole moment per unit volume of the ma- 
terial. Microscopically, we are concerned with the fact 
that the moments are the result of the additive action of 
countless elementary moments. We study and probe into 
the origin and coupling of such moments to enable us to 
understand the macroscopic characteristics. At this point 
we can begin a necessarily rapid examination of molec- 
ular phenomena. (9, /0) 

1. A further inquiry into the molecular mechanism of 
polarization discloses three molecular parameters: the 
number of particles, their polarizability, and the local 
acting field. Actually, polarizability as such can split up 
into four mechanisms: electronic polarizability, atomic 
polarizability, orientation polarizability, and finally, space 
change (or interfacial) polarizability. (Figure 4 illustrates 
the four mechanisms of polarization. ) 

2. By the use of suitable molecular and geometric 
models, by replacing the unknown local field with a known 
local field that increases proportionally to the polarization 
(the Mosotti field), and by the application of Avogadro’s 
number, the Clausius-Mosotti equation for molar polariza- 
tion is developed. Also developed is the identical Lorentz- 
Lorenz equation, in which molar polarization is called 
molar refraction. The more general Clausius-Mosotti- 
Lorentz-Lorenz equation for molar polarization provides 
a basic means for developing further information on this 
phenomenon. 

3. It is shown that, for static fields, the classical model 
of spherical atoms produces a polarizability equal to the 
volume filled by these spheres, and that the value is some- 
what smaller than observed. 

4. By polarization measurements in alternating fields 
(spectroscopic studies of frequency-response character- 
istics), it is possible to extend our knowledge of the struc- 


ELECTRICAL MANUFACTURING 








al 
o 
a 
vo 
a | 

| 


” 
~~ 
| 





+ 





J | 


2 
or 
\ ol 


< 


Lc 


coo 


29 
9 
wOrg9 
| a9 
| 9 
} Soe 22 6¢2 | 4e2 40 8¢2 1€2 2reee so 922 £22 
WNAaaPUeW) Wise, WNiulaysulz) WMiwI04!) wn} ay 2G wind | wniunidan WAOIN) | WNIUyIOOjOg) WNOYL wnipoy wniduds4 
AW 101 w 400! 3 66 42 86 w) 96 | ONE6 nz | 0d |6 | 4LO6 ou 8s 4328 
° zi 1 2 t ‘ , to so inci aka 
SsJo) dzjor 92 [Soi 92 OS or 9 Od. 9 
bi Ol vi os vi org2 
9 
9 


8 OF 
vi OF vi 
or 


CLOLoe 
NANI o 


or 


x +2Z000 
wn 
ecor 
OOO Oo 
Ta) 
= 
coo? 
NNN NINOS " 
NANNING 
NNNNNN 
x #22000 


ue ae 
4) 
—¢ 9 

or O19 

| O19 


eos vriong 2 vos 
oO! or 09 | 
| 9 


2 a9 og92 a9 
92 9 92 9 
2 


“ s2z0a 
NNN 


nz 6¢'v0z 9002 ° €2S6! e6t i¢ 98! 26°¢8! e808! 
aunoisy wniyyouy wnudidg wnipuy wniwsO | whiuauy uaysbuny wnyjOju0) 
1 18 id BZ $0 92 ay Sd Mod | Ole. 


z ° 
Gs}, 9 Ii 9 
2a9 |} ¢€o9 
os | or 9 
4 | 4 


| 
| 
| 





}o. 
| de}, 9 


sag 
o9 
9 


a 
oo9 
a9 
9 


ae 
vas 
a9 
9 


' 9 
za19 
O19 
3 


x ji2z0a 
NUNN 
NNN 
NNANNNN 
NNN 
NNN 
rep, 
NNN 


se9! 9% 291 6 9S) ozs! €>°Os! doi 22 vo 26 Ov! £1 0b 26° 8¢! ' 16° 2¢1 
widen] | wniquaiyA wring wniwioH | wnisodskg WNIUHOPOD | wAidoinZ | WNOWOS jwHayjawosg | WHIWADOAN jwnwApoasog) Wa) wnudyjuo7 ' wnisad 
7 12 GA O24 wi 69 oH 29 Aq 99 P9 9 n3¢9 | wSz29 wdi9 | PNOS 1d 6S sdSS 


|?&42| 246 2S] 42], 2 | °S. | 2 |*'S2| os, 4] 
ol ol os ag2 o192 a9 | oa9g2 a a 
or oI a9 o92 or9g2 os og9g2 o19 9 9 
9 92 92 92 3 | 9 
2 | 2 2 
26°92) 19:22! g22' | 92 PII ie 211 ee 20! 2901 z'101 66 $6 S6 16°26 2216 26°88 
auiporl wnunyel Auownjuy wnipul wniwpo) JOAIIS WNIPO|Odg wniueying wnijeuyres WwnuePgsiOW) WNIGOIN wmuoss7 WA wniyuoss wnipiqny | 


1¢S UI 6 P2 8b ny bb | OW2b QN Ip 42 0b A6E 1S B¢ quz¢ 


4 a —_—--— —+—— > T _ — T ————_ — 
] . 2] we Oc T T 
zy, *'da\ | 3 LoS Oy __ de} Las} zt a,] | SJ |*'sz| 
' 092 O19 9 z92 19 9 3 
92 92 9 9 | 9 
2 | 2 
2¢8 916 62 2269 ee ss | S60S O06 Lb OI'Se 80:0 | 960°6¢ 
uojydAuy auiwog wniyjo9 40Q0D) uosT asauobu0w | wniwoiy) WNIPOUDA wniudj] wnipudds wnidjo5 WMISSOIOg 
oO I¢ a492 UNS2 v2 | Age 122 | 29Si2 2902 46 
al . - - _ ——— st —>— = ———— + + 
9mm —— max ——_ | A om “= |  S | 
a vs - —__—_—_— 4, Sl 
}°S | [2'Sz | 
2 ' oa a te a) € | 
3 9 92 | 92 2 | 
2 








NANA 











9 
9 

















+ 
| 
| 

— 











sns0ydsoud YOrd!'S wnuiwnly j}wnisaubow | wnipos 


dS! 





‘eg d ‘xipuoddy oy) ur suvadde adurs1 
-jlusis pesisAyd pue [eotwayd JO SWId) UI dIqQe} DIpotod 
soo'e! | oy} JO yuowoSuRe sy) JO uoNeUR|dxo uy ‘Al0ay} 20°6 ove'9 
a60s5'N , = _ - niyyAsa yn 
hes SI} WOJJ UMOIS sey sopoNIed StwWoOyeGns pur swO} “aah Gaal 

JO JOIARYSG 94} Pur dIN}ONIYS DIWIOJe JO yda0U09 sor 
-UPYSOW-IARM UJOPOU SY] “S[IAd] WINQUeNb UT snaj;onU 
seine B ynoge posure se suoIdI]O yey AJOOY} 9y) UO on 
wna | paseq st yt ‘Aypenuassy “ajqe} s1Ipotsod oy) jo yuoWASUeI vabosphy 
aH 2 
-Ie IQUO}S-1yOg IY) sjuasoidoI yeYyd siyy “aon 





N 


40-5 = 


aun0n) 4 
36 
































spusUasZ Oy4 JO WiayshS B2Pol4ag 24, — JI] AIqPL 





ture of atoms. A simple model of electrons quasi- 
elastically bound to equilibrium positions, and reacting to 
field changes in the manner of linear harmonic oscillators, 
leads to the classical dispersion formula which correctly 
predicts the general appearance of a spectral line. This 
formula, however, does not lead to a derivation of the 
intensity or resonance frequency. 

5. A study of various aspects of electromagnetic radia- 
tion shows how classical physics has come into conflict 
with the experimental facts of electromagnetic research. 
The conflict is resolved by the conclusion that radiation 
is parceled out in terms of light quanta and that Max- 
well’s theory becomes one of photon statistics. 

6. The quantum theory of radiation is linked to the 
structure of atoms. Experimental investigations, and their 
interpretation by Planck and Einstein, provide the founda- 
tions on which Bohr’s quantum theory of atomic structure 
and the theories of wave mechanics have been developed. 
Research on the electronic polarization of atoms has led 
to a theory of the structure and of the spectra of atoms, 
and thus to a new understanding of the periodic system 
of the elements. (See Table III and the explanation in the 
Appendix. ) 

7. The deeper understanding of the structure of atoms 
provided by spectroscopic studies and the interpretation of 
such studies by quantum mechanics leads to an insight 
into the behavior of atoms in electric fields (the Stark 
effect) and in magnetic fields (the Zeeman effect). 

8. The energy-level diagrams of atoms disclose that 
permanent magnetic moments have a far greater influence 
than is indicated by their magnetic interaction energy. 

9. A study of the interaction between electromagnetic 
fields and the atoms of quantum mechanics leads to a 
conversion of the dispersion formula of classical physics 
into its quantum-mechanical equivalent. 

10. Our survey has been concerned up to this point 
with the structure of the electronic atmosphere that sur- 


Table 1V—Related Macroscopic and 
Microscopic Parameters 


Macroscopic 
property 


Adsorption, gases 

Boiling point of liquids 

Condensing pressure, 
gases 

Condensing temper- 
ature, gases 

Conductivity 


Corona resistance 
Dielectric constant 


Dielectric loss 
Electric strength 


Flame resistance 
Hardness 
Heat resistance 
Mechanical integrity of 
solids 
Melting point of solids 
Modulus of elasticity 
Moisture resistance 
Radiation resistance 
Solvent resistance 
Tensile strength 
Viscosity 
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Molecular behavior and structure; 
atomic properties 


Polarizability 
Molecular association 


Molecular association 


Molecular association 

Ionic mobility, particle size, atomic 
constitution 

Chemical constitution 

Dipole moment, molecular size, mc- 
lecular association, density, index of 
refraction 

Dipole moment, ionic constitution, 
molecular weight, relaxation time 

Molecular weight, density, electro- 
negativity, crystallinity 

Non-oxidizable bonds (e.g., halides) 

Atomic constitution 


Chemical bond 


Atomic bonds 

Chemical bonds 

Crystal cleavage 

Atomic constitution, C-H bonds 
High excitation energy, atomic bonds 
Polarizability, molecular weight 
Crystal habit, atomic bonds 
Molecular association 


rounds one nucleus. The next step is to gather an insight 
into the phenomena related to the electron clouds of 
several nuclei. From the first fundamental building block, 
the atom, we move on to the second fundamental building 
block, the molecule. The factors surrounding the forma- 
tion of molecules require the development of new con- 
cepts, since the interaction of atoms brings several forces 
into successive operation. 

11. The first to be considered is the van der Waals at- 
traction caused by fluctuating dipole moments of ap- 
proaching atoms. Next to be considered are: (a) elec- 
trostatic attraction appearing as electron clouds begin to 
overlap; (b) quantum-mechanical pair-bond formation, 
or quantum-mechanical repulsion; and (c) electron ex- 
change and ionic bonding. The interatomic separation 
distance may be thus identified by van de Waals, covalent, 
or ionic radii. In metals, the separation distance may be 
characterized by metallic radii, intermediate between the 
covalent and the ionic. (Tables of radii of atoms and ions 
provide excellent examples of atomic constants that are 
used in molecular engineering.) 

12. When molecules are formed, quantum mechanics 
describes the electron states by wave functions. These 
change with interatomic distance and may be derived 
from overlapping atomic orbitals or composed directly of 
molecular wave functions. According to the concept of 
quantum-mechanical resonance, any possible electronic 
configuration contributes to the strength of molecular 
bonds. 

13. The formation of symmetrical diatomic molecules 
from atoms of the same type can be discussed in close 
analogy to the formation of the single atom. When unlike 
atoms form a diatomic molecule, the electronegativity of 
each differs, and the result is a permanent electric dipole 
moment. 

14. In polyatomic molecules the structure and dipole 
moments are studied by a consideration of the applicable 


Table V— Relationship of Structure to 


Dipole 
moment, 
Debye units 


Molecule Structural formula 


Nonpolar 


Ethylene 


Ethane 


Perfluoroethane 





Source: Cited Reference (12). 
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bonds, the ionic interaction of the constituent atoms, and 
the sum of the vectors of dipole moments. 

15. Vibration and rotation spectra characterize mole- 
cules. For diatomic molecules, models of the harmonic 
oscillator and rigid rotator can be used for the initial 
approximation. For polyatomic molecules, the principal 
moments of inertia and the normal vibration are applicable 
references. 


The survey of atomic and molecular physics given here 
leads, of course, to the consideration of the formation of 
the more familiar classes of engineering materials, such as 
liquid, gaseous and solid dielectrics, polymeric materials, 
ferromagnetics and ferrites, metals and semiconductors. 
[As already noted and referenced, previous articles in this 
series have discussed the fundamental theories applicable 
to the formulation, structure and properties of these mate- 
rials (see Table I).] 


Interim Summary 


In a parallel manner, the elements of the traditional 
macroscopic approach to the characteristics and ultimate 
application of materials were surveyed, followed by a 
similar survey of the elements of the molecular approach. 
Both approaches have a common point of entry in that 
there is a unified consideration of electric and magnetic 
phenomena. But then a primary distinction begins to ap- 
pear, and it is this distinction that is at the heart of the 
molecular engineering concept. The macroscopic approach 
stops at the internal structure of matter; the molecular 
continually probes into the nature of the atom and mole- 
cule. It explores the behavior of nuclei and electron clouds, 
the formation of electric and magnetic dipole moments, 
the action of charge carriers—the meaning of the sum 
total of molecular phenomena as it can be used to inter- 
pret and control macroscopic properties. At this point, 
Table IV (listing a number of macroscopic properties with 


Dipole Moments in Simple Molecules 


| | 
| Dipole 
moment, 


Molecule Debye units 


Structural formula 


Polar 
Hydrogen chloride 


Ethy! chloride 


Styrene 


Chloropentafluoroethane 


Methy! acetate 
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related phenomena derived from molecular behavior and 
structure) may be introduced. 


Dipole Moments and Molecular Structure 


The relation of the dipole moment of a molecule to the 
arrangement of its positive and negative charges provides 
a particularly useful example of the employment of 
molecular phenomena to interpret and prescribe macro- 
scopic parameters. Literature sources are available for a 
detailed exposition of the applicable theory. (9, 10, //, 12) 
A brief re-statement will be given here: 

In a given molecule comprising unlike atoms, indi- 
vidual atoms will utterly repel other atoms, attract them, 
or, in various intermediate degrees, assume some position 
of polarity. Each group of atoms therefore assumes a per- 
manent electric dipole moment and makes a polar contribu- 
tion to the bond energy of the whole molecule. The fol- 
lowing expression may then define a permanent dipole 
moment: 

pom oa 


where q is the magnitude of each charge and d the distance 
between the charges. Measured dipole moments are of the 


Table V-A—Dipole Moments of Some 
Polymers Related to Structural Form 
A 
Estimated Dipole 
Structural moment of 


formula repeating unit 


Polyethylene - Zero 
(nonpolar) 


Polytetrafluoro- - | Zero 
ethylene | | (nonpolar) 


0.5 Debye unit 
(polar) 


Polychlorotrifluoro- 
ethylene 


2.0 Debye unit 
| (strongly polar) 


~0.1 Debye 
unit (very 
weakly polar) 


Polystyrene 
(general purpose) 


Polymethylmetha- 


crylate 1.7 Debye units 


| (strongly polar) 


Source: Cited Reference (12). 





order of | 10 ''* stacoulomb-cm. This quantity is known 
as a Debye unit (so-named in honor of Peter Debye, a 
pioneer in the study of polar molecules). Each Debye unit 
corresponds to two electronic charges of opposite sign, 
separated by approximately one-tenth of the normal inter- 
atomic spacing. For ordinary molecules, this spacing is of 
the order of 10°° cm. 

A study of the chemical structures of polar and nonpolar 
compounds will disclose a consistent relation between the 
condition of symmetry and the dipole moment. Polar mole- 
cules are characterized by inherent electrical asymmetry, 
which causes them to possess a permanent dipole moment. 
Nonpolar molecules, on the other hand, are highly sym- 
metrical. In such molecules, dipole moments and bond 
moments (since both are vector quantities) cancel out, 
with the result that the dipole moment is zero. These mole- 


cules would be required to nave a center of symmetry as, 
for example, in the ethylene molecule shown in Table V. 

The cited Table V and supporting Table V-A trace the 
relationship between the structures of some simple mole- 
cules and the dielectric properties of related polymers. (12) 
Note from Table V-A that the straight-chain polyethylene 
and polytetrafluoroethylene have strictly nonpolar repeat- 
ing units (see ethane, propane and perfluoroethane in 
Table V). Polystyrene has a very small dipole moment 
since the starting monomer, styrene, itself is slightly polar. 
The acrylates and the vinyl chloride polymers show a high 
dipole moment. Polychlorotrifluoroethylene shows a weaker 
polar condition than might be expected from its asym- 
metric structure; this is due to partial vectorial cancella- 
tion caused by fairly similar values for the C'—F~ and 
C*—Cl bond moments. 


iif — Molecular Engineering at Work 


Several examples of the application of molecular engi- 
neering principles in the development of certain materials 
and devices will be given in this section. Since (as already 
discussed in Part 1) the “ideal” approach to molecular 
engineering is not always within our reach, a reasonably 
liberal viewpoint has been taken in the selection of ex- 
amples 


Microwave Amplifiers — The Maser 

There is some tendency to include all types of solid- 
state microwave amplifiers in the category of “molecular 
amplifiers.” This is not correct. Parametric amplifiers, for 
example, do not properly belong in this category. This is 
so because we are not really able to explain how the atomic 
or molecular properties of the amplifier materials control 
the field dependence of the magnetic or electrical polariza- 
tion. In the case of the parametric amplifiers we simply 
know that certain materials exhibit certain behavior, and 
from this Knowledge, we can anticipate the behavior of 
given mixtures or other combinations of materials. A true 
example of the molecular amplifier is furnished by the 
maser. 

There will be no attempt here to discuss in detail the 
theoretical aspects of maser operation. This has been al- 
ready done to some degree in a previous article in this 
series (/3) and quite extensively in the literature on the 
subject. (/4, 75) What is of particular interest to us in the 
context of this review is the fact that in a maser a molecu- 
lar system is used as a generator or amplifier of micro- 
waves. The principle of the ammonia-beam maser (the 
first to be developed) can be succinctly described for our 
purposes as follows: (/6) 

Inversion of the ammonia molecule is at the heart of 
this device. An equilateral pyramid can be drawn to 
represent this molecule (NH,) with the three hydrogen 
atoms forming the base and the nitrogen atom at the 
apex (see Fig. 5). Inversion of the nitrogen atom through 
the base of the pyramid creates two identical structures. 
[he two positions of the nitrogen atom are separated by a 
potential barrier which (in quantum theory) is not insur- 
mountable. The nitrogen atom can oscillate between the 
two positions with a frequency of 23,870 megacycles. The 
two energy levels differ by 10+ electron volts, and transi- 
tion between them emits (or absorbs) the stated oscilla- 
tion frequency. 

In the presence of an electric field, the energy level of 
the upper state is raised still further, while that of the 
lower is lowered. It is possible, therefore, to separate the 
two states by an inhomogeneous electric field. This was 


* Acronym § signifying Microwave Amplification by Simulated Emission of 
Radiation 
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Fig. 5—The structure of the ammonia molecule (a) and its in- 
version phenomena as applied to maser action (b). (Source: 
Cited Reference (9).]| 


accomplished in the original work by sending a rough 
beam of ammonia molecules through an electric quadrupole 
field which focused the molecules in the upper state while 
the others were dispersed. The beam then entered a cavity 
tuned to the inversion frequency, and it was found that a 
small oscillating electric field in the cavity caused simu- 
lated emission of the inversion frequency from the mole- 
cules so that the oscillations became appreciably stronger; 
if the beam were strong enough it would even excite oscil- 
lations to a power of about 10° watts (a sizeable part of 
the excitation energy carried by the beam) without any 
supply of electric power. 

The ammonia-beam maser, although usable as a stable 
frequency standard, has inherent limitations as a micro- 
wave amplifier: the relative difficulty in tuning, the nar- 
row band width, and the small power-handling capability 
are the primary disadvantages. The concept of inducing 
emission from a molecular system by establishing a favor- 
able ion population difference between two energy-level 
states has therefore been investigated for solid-state mate- 
rials. Since a solid-state maser (for application as a low- 
noise microwave amplifier) should show high-gain, broad- 
band characteristics, materials with a high population or 
density of elementary spin systems or ions are essential. 
Paramagnetic materials generally meet this requirement. 
Consequently, work in solid-state masers has been with 
materials of this character. A two-level solid-state maser 
has been made using irradiated quartz and magnesium 
oxide, and a_ three-level maser with aluminum oxide 
(Al.O.,) plus a small impurity concentration of positive 
chromium ions. 

Despite the theoretical advantages of the solid-state 
masers, certain unsatisfactory operational factors have 
been experienced. These problems are analyzed in the 
literature already cited. The point to be made here is that 
further development of the maser is a continuing applica- 
tion of molecular engineering. Without necessarily indulg- 
ing in mathematical explanations, it should be obvious 
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that in order to obtain a solid-state maser of maximum 
gain and bandwidth, certain parameters must be either 
minimized or maximized, and that these parameters are 
affected by the atomic properties and molecular behavior 
of the material. The requirements for selection of materials 
are quite complex. For example, (/4) the degree to which 
the density of spins can be increased in a paramagnetic 
material is limited by the increasing width of the line asso- 
ciated with the energy levels. In many paramagnetics this 
width is directly proportional to the density. On the other 
hand, the energy-transition probabilities usually contain 
terms involving the total-spin quantum number Mg. (See 
Table IIT.) Hence. the use of materials having a large M. 
value appears desirable, but this advantage may be lost by 
the dilution of spin density caused by unused spin levels 
and by the dependence of the line width on the total spin. 
Most paramagnetics by themselves are not sufficiently 
dilute to produce narrow line widths; therefore, they have 
to be diluted with an isomorphous diamagnetic. Precau- 
tions are necessary to prevent the diluting material from 
distorting the crvstalline electric field and thus causing an 
inhomogeneous broadening of the resonance line. 


Polymer Synthesis 


The concept of molecular engineering (if not the ex- 
pression itself) goes back to the earliest days of modern 
polymer chemistry. Despite many notable contributions 
through the Edisonian approach, the molecular building of 
materials with prescribed properties is probably more char- 
acteristic of polymers than of any other class of materials. 
Today, we are confident that “the fundamental principles 
of physics and chemistry can be made to account for the 
formation, stability, and characteristic properties of macro- 
molecular substances.” (77) 

A previous article in this series (8) reviewed the funda- 
mental properties of polymers (see also Table I). Some 
quick examples of molecular engineering would include 
such generally used materials as nylon molding compounds, 
the silicones. and the epoxy resins. Nylon represents a 
careful selection of molecules which condense to form ex- 
ceptionally strong interatomic bonds, intramolecular forces 
and sterically ordered groups; among other characteristics 
derived from this structure is outstanding imnact strength. 
The inclusion of the silicon oxide (SiO) “backbone” in 
the silicone volymer chain is responsible for the high ther- 
mal resistance of the silicones. The epoxy polymers are 
characterized bv reactive hydroxyl grouns that form cen- 
ters for cross-linking and hardening the polymer. The 
molecular versatility of the evoxy group makes it very 
adaptable to being “engineered” in a great variety of com- 
pounds to meet specific property characteristics. Examples 
mav be multivlied, including some of the newer plastics 
molding materials now available commercially, such as the 
polycarbonates, the acetal resins and the polvolefins dis- 
cussed elsewhere in this issue.* Let us examine one ex- 
ample in some detail. 

Contemporary developments in polyolefins (particularly 
in linear polyethylene and in polypropylene) have clearly 
shown how the relationship of molecular structure to 
macroscopic parameters can be used to develop materials 
with specific end-use characteristics. It may be noted that 
the catalysts used in the Ziegler process for low-pressure 
polymerization of ethylene (78) are known as “stereo- 
specific” catalysts since they produce specific results in 
terms of polymer properties (density, melting point, etc.). 

Polyethylene compounds for wire and cable insulation 
and jacketing form a case in point. (19) The effect of 
molecular structure on the ultimate performance charac- 
teristics include the following molecular parameters: 
weight-average molecular weight, number-average molecu- 


* See ‘“‘Plastics Molding Materials for Structural and Mechanical Applications,” 
p 59, this issue 
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lar weight, and molecular distribution. Not only is it neces- 
sary to establish correlations of these parameters with 
end-use requirements, but also with processing conditions. 

Polyethylene is an example of addition polymerization 
in which an ethylene monomer (C.H,) combines with 
others like itself to develop long-chain molecules. A given 
chain may be linear or may contain various degrees of 
branching. The number of ethylene groups per molecule, 
as well as the extent of long and short-chain branching, 
can be controlled by synthesis conditions. Owing to the 
statistical nature of the polymerization process, a distribu- 
tion of molecule chain length is found in the polymer. 
These lengths can be described in terms of molecular 
weight (for polyethylene, it is equal to the atomic weight, 
28, times the number of CH.-CH., groups/molecule). The 
statistical distribution of molecular weight then becomes 
an important variable that affects polymer properties. 

Precise characterization of molecular-weight distribution 
is difficult to develop. Consequently, an “average concept” 
is used for this purpose. Two averages are employed: the 
“number-average,” based on the number of particles pres- 
ent, and the “weight-average,” based on the total weight 
of particles. Specifically: 


wi total weight of all molecules 
oe total number of molecules 

sum of weight of all molecules of each size « 
M their molecular weight 
" total weight of all molecules 


where M,, and M,, represent the number-average and 
weight-average molecular weights. To illustrate: two sam- 
ples of a polyethylene polymer may be equal in weight, 
but still may contain molecules of different size. The ratio 
of the weight-average molecular weight to the number- 
average weight gives a good indication of molecular weight 
distribution (MWD). For practical purposes, measure- 
ments of the average molecular weights are obtainable by 
a number of methods that need not be described here. 

Table VI shows the variations in MWD in several com- 
mercial grades of polyethylene wire and cable insulation. 
The tabulated figures also include values for the melt in- 
dex. This index is a complex function of the weight-average 
molecular weight, long-chain branching index, and MWD. 
Also included in the table are values for density, which is 
primarily a measure of the crystallinity of the polymer 
and is inversely related to index of short-chain branching. 
(The index is equal to the number of short-chain branches 
per 100 carbon atoms.) 

Crystalline regions are formed from chain segments that 
contain no interruptions or branching-off points and ex- 
hibit higher densities than amorphous regions. 


Table Vi— Molecular Weight Data, Density and 
Melt Index for Typical Polyethylene Wire and 
Cable Compounds 


Composi- Melt Den- 
tion" index sity M,,” M, M,,/M,." 


Sample 1 914 26,000 | 900,000 35 
Sample 2 921 | 33,000 | 900,000 | 27 
Sample 3 s 921 | 36,000 | 500,000 14 
Sample 4 923 | 20,000 | 310,000 16 
Sample 5 : 930 | 35,000 | 300,000 9 
Sample 6 1 930 | 30,000 | 200,000 7 


LT 
® Each sample represents a commercial wire and cable insulating compound. 

» “*Average-number” molecular weight. 

© “Average-weight”’ molecular weight. 

4 Molecular weight distribution (MWD). 

Source: Cited Reference (19), 





Fig. 6—Effect of molecular variables such as density, melt 
index (MJ.) and breadth of molecular weight distribution 
(MWD) on the low-temperature brittleness of polyethylene. The 
points marked with X’s indicate the effect of lowering MJ 
from 2.0 to approximately 0.3 with each type of MWD. A 
high-density resin of very low M.1. and narrow MWD would 
provide the utmost in low-temperature strength. [Source: 
Cited Reference (19).] 


Another important parameter is the long-chain branch- 
ing index. Measurement is a complex operation, but essen- 
tially it is an approximate value for a number of long- 
chain branches per 100 carbon atoms. This index affects 
the breadth of molecular weight distribution, since the 
long-chain branches have substantially higher molecular 
weights and thus contribute to a higher ratio of M,/M,,. 

Chis quick review of the parameters intrinsic in the struc- 
ture of a polyethylene molecule is given primarily to show 
how such parameters can be engineered to synthesize new 
combinations of properties. The net effect of molecular 
structural changes on properties will vary in degree and 


Fig. 7—The effectiveness of carbon-black dispersion in poly- 
ethylene for the purpose of inhibiting degradation by absorp- 
tion of ultraviolet light and by acceptance of polymer free 
radicals is a function of carbon-black surface exposure to the 
polymer. This schematic shows how the small van der Waals 
bonds between the carbon particles are replaced by the stronger 
carbon-to-polymer bonds, thus improving dispersion and, in 
turn, the stability of the polymer. The rate of sheer, D (sec™), 
is involved in bond separation. The bond energy of the carbon- 
to-polymer bonds is indicated by E.»; of the carbon-to-carbon 
bond by E--. (Source: Cited Reference (20).] 
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kind. In rough approximation we can say that: 


a. properties that involve small deformations depend pri- 
marily on crystallinity; 

b. properties that involve large deformations (such as ulti- 
mate strength) are sensitive to molecular weight, long-chain 
branching, and the related parameter molecular weight distri- 
bution. 

As an example of dependence of property on molecular 
structures, Fig. 6 shows the relationship between brittle- 
ness temperature and the density, melt index and molecular 
weight distribution for several polyethylenes. 


Additives and Molecular Behavior 


Polymeric compounds generally contain various addi- 
tives, such as plasticizers, stabilizers, anti-oxidants and pig- 
ments, introduced for the purpose of making some desired 
property change. Although such additives do not affect 
the initial molecular structure, their introduction may be 
for the purpose of interdicting some unfavorable molecular 
action. The addition of carbon black to polyethylene to 
prevent degradation caused by sunlight and weathering 
may be cited as an example. (20) 

Ultraviolet light catalyzes the oxidation of polyethylene. 
Result: random breaking of carbon chains, cross-linkage, 
changes in molecular weight distribution, and adverse 
changes in brittleness temperature. A suitable dispersion 
of carbon black stabilizes two mechanisms: light absorp- 
tion and free radicals. It will absorb light through the 
entire spectrum range and so will protect the interior of the 
polyethylene structure from penetration of high-energy 
photons. It will also take up polymer free radicals that are 
released when carbon-to-carbon and carbon-to-hydrogen 
bonds are broken, thus preventing the free radicals from 
continuing degradation reactions. 

The ability of carbon black to stabilize the polymer can 
be shown to be a function of the amount of carbon black 
surface exposed to the polymer. The better the dispersion 
of the carbon black and the subsequent formation of the 
polymer-carbon-polymer chains, the greater will be the 
improvement in the stability of the polymer. Appropriate 
test methods have been developed to investigate the be- 
havior of carbon black of various particle sizes when dis- 
persed in polyethylenes in a range of concentrations. 
Mathematical models have been developed for the deter- 
mination of the degree of dispersion. What happens to the 
carbon particle of carbon black when dispersed in poly- 
ethylene is shown in Fig. 7. 


Irradiation as a 
Molecular Engineering Tool 

Solids under electron or nuclear irradiation undergo 
various changes in their characteristics which can be 
traced to changes in molecular structure and physical 
state. Considered as degradation effects in conventional 
materials of design, such changes have been the subject 
of much investigation in relation to components, equip- 
ment and systems required to operate in radiation environ- 
ments. The published literature available to design engi- 
neers is by now quite extensive.* 

In this discussion, however, we are particularly con- 
cerned with what may be described as the reverse of degra- 
dation effects—the use of irradiation to synthesize new 
materials or to change conventional materials to meet pre- 
scribed characteristics. The theoretical validity of such 
work has been proved in many laboratory samples. The 
products of synthesis by irradiation are not duplicates of 
classically prepared materials. They differ in significant 
degree in such parameters as density, physical strength, 
melting point, and electrical properties. 

* Several series of articles on this subject have been published in ELecrricaL 
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The potentialities in synthesis by irradiation are quite 
substantial; but the problems of economics and mass-pro- 
duction techniques are still to be solved. Some notable 
exceptions exist. Several companies have developed com- 
mercial lines of wire and cable using electron-beam-ir- 
radiated polyethylene or polyolefin copolymers as insula- 
tion. Irradiation results most strikingly in increased 


cross-linkage, thus imparting to the irradiated polymer 
predictable improvements in the softening point and phys- 
ical strength, among other properties. Another interesting 
application (see section on masers) is the use of irradia- 
tion to change crystal lattice structure of paramagnetics. 


Thin Films 


An increasing amount of research is being devoted to 
thin and ultra-thin films for resistive, conductive, dielectric 
and magnetic functions in various electronic devices and 
systems. (/4, 27) The research follows two major (and 
interrelated) directions: 


a. the fundamental structure and behavior of matter in the 
form of film, and 

b. techniques for the formation of films (vacuum deposition, 
sputtering, etc.) 


Film resistors are perhaps the earliest examples of prac- 
tical achievement in this field; the much broader interest 
at present, and the intensity of research effort, reflect sys- 
tems design requirements for devices of reduced size, im- 
proved performance characteristics, greater operating 
speeds, and other stringent parameters. Work is being 
done in metals, metal alloys, metal oxides, ceramics and 
polymers. 

There is rather general agreement that at present the 
state of the art for processing the films is ahead of the 
capabilities of available film materials. It follows, there- 
fore, that the research effort should concentrate on the 
investigation and control of the molecular mechanisms 
that are responsible for film characteristics. For example, 
the behavior of matter in thin film differs from the bulk 
for a number of reasons, but primarily because of dif- 
ferences in the microstructures and the fundamental prop- 
erties. Differences in behavior are also to be found between 
free films (where both surfaces are exposed and the proper- 
ties are those that are intrinsic in the film) and films that 
are attached to a substrate. In the latter case, interface 
stresses and reactions affect the properties. 

The molecular processes that are involved in the forma- 
tion and behavior of thin films are of considerable com- 
plexity. A single point of view can be applied: all the 
atomic and molecular processes are examples of the dif- 
ferent types of interactions that occur when a molecule is 
brought from the gas phase onto a solid surface. A sim- 
ple listing of the molecular processes at gas-solid inter- 
faces will give us a further insight into this viewpoint: (2/) 


Table Vil—Thin-Dielectric-Film Research 


A report recently issued by the Royal 2. 


Radar Establishment* summarizes re- found to exhibit 


Evaporated dielectric 
considerable 


Molecular Processes at the Gas-Solid Interface of Films 
I. Energetics of surface processes 
a. The interaction of atoms and solids surfaces 
1. Self-interaction 
2. Adsorption (physical adsorption and chemisorption) 
b. The interaction of molecules with solids 
II. Surface kinetics (rate studies of processes of interactions of 
atoms and molecules with solids) 
a. Kinetics of atomic processes 
1. Atom-surface collisions 
2. Surface diffusion 
3. Evaporation 
b. Kinetics of molecular processes 
1. Adsorption, surface diffusion, and evaporation 
(a) On metal 
(b) On nonmetals 
2. Formation of weak binding states 


There has been a particular need for a deeper molecular 
understanding in the area of ferromagnetic films for mem- 
ory devices in computers, as replacement for ferrite-core 
devices. For instance, it is desirable to introduce a uni- 
axial anisotropy into deposited film so that the film can 
attain desirable bistable characteristics. This can be ac- 
complished by magnetic anneal. But what is the molecular 
mechanism responsible for the anisotropy and how can 
we control the mechanism? 

Necessarily, the complex theoretical and experimental 
aspects of thin-film research cannot be discusse¢ here in 
extensive detail. Recent international conferences have 
produced an impressive body of research reports now 
available in book form. (27) [Some of the research prob- 
lems in dielectric films are summarized in Table VII. 
(21a) A summary of recent papers on ferromagnetic films 
presented at the 1959 Conference on Magnetism and Mag- 
netic Materials appeared in the April issue. (22)] 


Moleeular Electronics 


The term “molecular electronics” has had wide cur- 
rency during the past year. Essentially, electronic functions 
are achieved by matching prescribed characteristics to the 
phenomena that occur within or between the domains of 
solid-state molecules. We deal with these phenomena in- 
stead of macroscopic parameters such as resistance, capac- 
itance and inductance. In the complete context of molecu- 
lar electronics, we are also concerned with the growth of 
basic materials in new forms (such as dendritic single 
crystals), as well as with associated processing techniques. 
The essential philosophy of molecular electronics can then 
be defined as the creation, modification and processing of 
materials to endow them with the ability to accomplish 
electronic tasks through solid-state phenomena. (23) 

For example, a monolithic semiconductor block can be 
“engineered” into a multivibrator by suitable processing 
methods (such as etching, film deposition, diffusion) so 


films were 
internal 


ployed as a measure of film thickness 
and is related to the onset of conduc- 


search problems encountered in thin- 
dielectric-film work as follows: 


1. Early studies with materials of rela- 
tively low permittivity such as zinc sul- 
fide, magnesium fluoride, and_ silicon 
monoxide show that much more informa- 
tion is needed regarding the nature of 
the films deposited, the control of the 
deposition processes, and the effects of 
impurities and substrates before evapora- 
tion of materials with higher permittivity 
could be successfully accomplished. 


* Source: Cited Reference (21a). 
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compressive as well as tensile stress. For 
example, magnesium fluoride films thick- 
er than 5000 A are subject to sponta- 
neous crazing. Stress is influenced by 
deposition rate, substrate temperature, 
and film thickness. Precise devices are 
needed for measurement of stress by ob- 
servation of the flexure during evapora- 
tion; such stresses are to be related to 
the electrical properties of the films and 
to their mechanical stability. 

3. Methods for evaporation of films of 
radioactive materials are being devel- 
oped. The degree of radioactivity is em- 


tivity. Films are to be evaporated within 
an electron microscope so that the initial 
stages of nucleation and growth can be 
observed. 


4. Interface behavior between adhe- 
sives and substrates may result in de- 
terioration such as crazing and moisture 
absorption. Techniques already applied 
to studies in metals films are being used 
with dielectric films. Among other re- 
search objectives, a correlation between 
binding energies and adhesion is being 
sought. 
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that the necessary resistances and capacitances are intro- 
duced into the structure. Figure 8 shows a self-explana- 
tory symbolic component layout of a proposed solid-circuit 
multivibrator. 

The molecular electronic approach therefore is to 
create (usually in single crystals) a community of indi- 
vidual domains, each of which will carry the responsibility 
for the execution of a prescribed electronic function. The 
interfaces between the domains, in turn, perform still other 
electronic functions. The schematic in Fig. 9 shows a 
simple R-C device, equivalent to a time-delay circuit. 
Figure 10 shows the initial step in the development of a 
functional block. The design analysis of the electronic 
functions to be performed is interpreted in terms of 
molecular domain topology—the equivalent arrangement 
of domains and interfaces. The device is then produced 
from a basic semiconductor wafer (germanium or silicon) 
by techniques already in conventional use for semiconduc- 
tor devices, among them diffusion, electron-beam machin- 
ing, irradiation, alloying, plating, and various photographic 
processes. Other mechanical steps are also necessary, such 
as encapsulation for protection against shock, vibration, 
etc. 

This example illustrates how processing techniques play 
a vital part in the development of the electronic function 
blocks. In certain instances, the concentration of effort is 
on these techniques, rather than on the molecular engi- 
neering of the basic material. 

To develop the concept of molecular electronics, it is 
essential that all the phenomenological information be effi- 


Fig. S—A conventional multivibrator ; a : 
ciently utilized. Both the systems engineer and the molecu- 


circuit and its translation into a 
hypothetical solid-circuil block. 
[Source: Cited Reference (2la).] 
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Fig. 10—Conventional power transformation circuit utilizing 
Fig. 9—Configuration of a molecular electronic block for a transformer, diode and filter and its molecular counterpart with 
time-delay function as provided by an R-C circuit. [Source: resistive, insulating and thermoelectric domains. [Source: Cited 
Cited Reference (23).] Reference (23).] 


Fig. 12—Example of a 2-parameter phenomena family, in this case one with an 
electrical output in the form of voltage, current, or some other electrical property, 
when the input is in the form of an electromagnetic wave. Some of the applicable 
effects are: photovoltaic effect, photoconductive effect, photodielectric effect, and 
photoelectric emission effect. [Source: Cited Reference (25).] 
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Fig. 11—Phenomena classification scheme consisting of a rectangular coordinate Pee Foe 
system in which the positive portion of each axis is divided and labeled by the same 
set of applied or output forms of information. The X and Y axes represent the 
inputs; the Z axis the output. The system covers electrical, electromagnetic, mag- 
netic, mechanical, and thermal parameters. A olank space on the Y axis permits 
inclusion of phenomena that have but one input and one output; also those with 
two inputs and one output. Effectively, this system provides space for 100 two- or hLituettiiedicel | Fig. 12 
three-phenomena families that may be characterized as “unique”. The remaining 

50 spaces are excluded from consideration. (Source: Cited Reference (25).] 
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lar engineer should know something about all the various 
effects, or should have this information readily at hand. 
In furtherance of this premise, the Electronic Technology 
Laboratory, Wright Air Development Division, has com- 
missioned the Georgia Institute of Technology to assist in 
a survey and study of various known effects and to compile 
(for early publication) a summary in the form of a pre- 
liminary handbook. 

A simple classification system has been proposed. (24, 
25) Since, in most molecular electronic applications, it is 
not power that is of the primary importance, but rather 
the information content of a given signal which must be 
transferred and conveyed through a variety of media, the 
classification system proposed is based on the forms of 
input and output information. A schematic of the pro- 
posed classification is shown in Fig. 11. The adjoining Fig. 
12 shows how the classification scheme can be applied to 
individual “families” of effects. 

Since even a partial list of applicable phenomenological 
effects runs to over 100 entries, the complexities of the 
proposed classification system become apparent. In order 
to fully understand the fundamental relationships between 
materials, phenomena and optimum performance, work 
has been started also on another classification system based 
on the microscopic properties of materials. 


One of the most interesting aspects of work in the area 
of molecular electronic functional blocks is the ability to 
grow multi-zoned crystals directly from the furnace melt. 
Solid structures incorporating at least three layers of zones 
and two interfaces have been announced. Although this is 
a nucleation technique associated with molecular engineer- 
ing rather than “pure” molecular engineering itself, the 
potentialties inherent in this work are extremely significant. 

Already being explored is the possibility of applying 
processing operations to a multi-zoned crystal at the time 
it is undergoing growth in the furnace. Beyond this point 
—and, conceded, a very long-range possibility at present— 
is the further possibility of automated processes for com- 
plete molecular electronic devices. 

One other aspect of molecular electronics should be 
noted: the work being done at present is based on phe- 
nomena in standard semiconductor materials such as sili- 
con and germanium, In the future it may well be extended 
to other solid-state materials, and even to liquids and 
gases. * 

Finally, this should be emphasized: molecular elec- 
tronics, as such, is not an independent concept; it is a 
sub-area of the overall field of molecular science and 
molecular engineering. 


* A report on molecular electronic devices as such is scheduled for publication 
in ELECTRICAL MANUFACTURING in an early issue 


Summary and Conclusion 


Molecular engineering has been defined here as the ap- 
plication of knowledge of molecular behavior to the de- 
sign of materials and devices of prescribed characteristics. 
Since the ultimate use for such materials and devices is 
in the design of systems and equipment, the concept, prin- 
ciples and techniques of molecular engineering constitute 
a subject of prime importance to the design engineer. 

In the “ideal” or primary approach to molecular engi- 
neering, it is necessary to begin with an understanding 
and knowledge of the atomic constants of the constituents 
of a substance. This is not always feasible, since gaps in 
such knowledge still exist. Consequently, a secondary ap- 
proach is used. In this approach it is possible in a given 
case to use as a starting point our stock of knowledge of 
macroscopic properties (even those of empirical or semi- 
empirical origin) and combine them with our knowledge 
of the crystal properties of the material. Purity, form, and 
defect population of materials comprise subsidiary, al- 
though extremely important, aspects of molecular engi- 
neering. 

A quick traverse of classical macroscopic parameters 
has been followed by a similar treatment of molecular 
phenomena. The purpose is to emphasize the dependence 
of macroscopic properties on the fundamental behavior of 
matter. The discussion has been amplified in several direc- 
tions, such as the relation between molecular structure and 
dipole moments. As a groundwork for the molecular ap- 
proach, the Periodic Table of Elements arranged on the 


Cited References 


1. “Design-Wise, Materials are Indivisi- 
ble,” an Editorial, ELECTRICAL MAN- 
UFACTURING, September 1951. 

. Private communication, Alan D. 
Franklin, National Bureau of Stand- 


. “New Advances in Physical Metal- 
lurgy,” W. R. Hibbard, Jr., included 
in Symposium on Materials Research 
Frontiers, ASTM Special Technical 
Publication 243, Philadelphia, 1959. 

4. “Materials for the New Technology,” ia 
A. V. Astin, 1958 Southwest Re- 


1959, p 109. 


MAY 1960 


gional Meeting, ACS, San Antonio, 
Texas, December 5, 1958. 

“5. “Key to Metals in Design Engineer- 
ing,” Sidney H. Avner and Harold E. 
Barkan, ELECTRICAL MANUFACTUR- 

ards. ING, May 1959, p 123. 

6. “Fundamentals of Ferromagnetism.” 
Anthony Arrott and J. E. Goldman, 
ELECTRICAL MANUFACTURING, March 


“7. “The Molecular Key to Dielectric 


i Indicates articles in the ELECTRICAL MANUPAC- 
TURING Science & Engineering series, 


basis of the Bohr Quantum Theory has been reproduced 
and a simplified theoretical explanation given. 

Brief examples of the various approaches to molecular 
engineering were used to amplify the basic definitions. A 
“key” to the molecular behavior of major classes of design 
materials (metals, ferromagnetics, polymers and dielectrics) 
provides a review of earlier articles in this series, Ex- 
tended examples of molecular engineering at work were 
given in the areas of polymer synthesis, microwave ampli- 
fiers, thin films and molecular solid-state electronic de- 
vices. The universal nature of molecular engineering was 
emphasized. It is by no means to be equated solely with 
miniaturization. 

Molecular engineering is both a theoretical concept and 
an applied science. As such, it is concommitant with prac- 
tical design engineering. Since it reflects the work and re- 
sponsibilities of many disciplines, it is entirely fitting that, 
in itself, it should be an inter-discipline, not to be con- 
fined within any rigid perimeter. For the designer of 
devices, systems and equipment, molecular engineering has 
extraordinary implications. It gives him the means for put- 
ting into action the achievements of contemporary science 
and technology. It is not necessary that he himself should 
become a specialist in molecular engineering. There is ob- 
viously a practical basis for him to work out his problems 
with such specialists. But in either event, he has a need 
to acquire a knowledge of the fundamental concepts, prin- 
ciples and techniques. OOO 
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Glossary and Definitions* 


Atomic refractivities—numbers associated 
with each atom, the sum of which add 
up to the index of refraction of the 
substance. 

Avogadro’s number—the number of 
atoms in 16 gm of oxygen. This is 
0.602 *« 10°4/mole. The mole is the 
measure of quantity equal to N mole- 
cules. The quantity conventionally 
called “molecular weight” is the ratio 
of the molar mass to “4. of the molar 
mass of O, or as the ratio of the molar 
mass to 140 of the molar mass of O.,. 
Thus, molecular weight is neither a 
weight nor a mass, but a numerical 
ratlo 

Bohr’s quantum theory—a theory based 
on the postulates that (1) the elec- 
trons of atoms can move in certain 
stable orbits without radiation, and (2) 
that electron transitions between the 
stable energy states of the atom pro- 
duce spectral lines by absorption or 
emission of light quanta. Since the 
energy of the system has to be con- 
served, the frequency of the radiation 
is given by the energy differences be- 
tween the initial and the final states 
of the atom: 


where /: is the Planck constant and v 
is the frequency. The Bohr theory, 
modified by other theories, is the 
basis of the wave-mechanical treat- 
ment of atomic structure and the pe- 
riodic arrangement of elements shown 
in Table IIT. 

Clausius-Mosotti equation —an expres- 
siont for the polarizability per mole 
(molar polarization I) of a substance: 

* Sources for these definitions include Cited Re- 

ferences (9, 10, 11) and the following reference 

works 
American Institute of Physics Handbook, Mc- 
Graw-Hill Book Co., New York (1957). 
The International Dictionary of Physics and 


Electronics, D. Van Nostrand Co. Inc., 
Princeton, N.J. (1956) 
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(Proceedings of an _ International 


where 


Avogadro’s number 
dielectric constant of free 
space (vacuum) 

a polarizability 

k’ relative dielectric constant 

p density 

M = molecular weight 


Diamagnetic substance—absence of un- 
paired electrons results in zero mag- 
netic moment and angular momentum 
Such a substance is extremely weak 
magnetically. 

Electron spin—the intrinsic angular mo- 
mentum of an electron, independent 
of any orbital motion. Spin (= h/2) 
contributes to the total angular mo- 
mentum of the electron and is quan- 
tized. 

Fresnel equations—formulas that give 
the intensity in each of the two polar- 
ization components of light in a less 
dense medium reflected at the surface 
of a denser transparent medium. 

Lorentz-Lorenz equation—an expression? 
for molar refraction similar (in the 
optical range) to the Clausius-Mosotti 
equation for molar polarization. The 
relative dielectric constant k’ is re- 
placed by the square of the index of 
refraction (n?). 


I = Noe 7 n= 1 M 

3e n'+2 p 
The two equations are combined 
(Clausius - Mosotti/Lorentz - Lorenz 
equations) to provide a general ex- 
pression used in studies of polariza- 
bility; in this expression, relative dielec- 
tric constant, k’, is replaced by its 
complex counterpart, k*, and the rela- 
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tive index of refraction, n°, by its com- 
plex counterpart, n*?. 

Molar refractivity—the product of the 
molecular weight of a substance and 
its specific refractivity; i.e., the ratio 
of the velocity of light in a vacuum 
to that in the substance. 

Mole—a mass numerically equal to the 
sum of the atomic weights of all the 
atoms in a molecule. 

Paramagnetic substance—presence of un- 
paired electrons causes a net mag- 
netic moment and angular momentum 
under certain conditions; the substance 
exhibits weak magnetic characteristics. 

Photon—a quantum of electromagnetic 
energy, hv, where h is Planck’s con- 
stant and v is the frequency associated 
with the photon. (See under Quantum 
theory of radiation.) 

Quadrupole—a combination of two di- 
poles that produces a force varying 
inversely proportional to the fourth 
power of the distance from the gen- 
erating charge. 

Quantum theory of radiation—a theory 
that assumes that when an electron in 
an atom emits energy it does not 
do so continuously, but in definite 
amounts, or quanta. The energy in 
such a quantum of radiation is di- 
rectly proportional to the frequency 
or: 


& = hp 


where hf is Planck’s constant. Light is 
assumed to be comprised of discrete 
packets of energy, the magnitude of 
which determines the frequency of the 
accompanying electromagnetic wave. 
(See under Photon.) 

Snell’s law—the ratio of the velocity of 
light in a vacuum to that in a mate- 
rial is equal to the ratio of the sine 
of the angle of incidence to the sine 
of the angle of refraction. 

Stark effect—effect of a strong trans- 
verse electric field upon the spectrum 
line of a gas subject to its influence. 
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Appendix: The Bohr-Stoner Periodic Classification of the Elements* 


The arrangement of the elements in a form such as the 
Bohr-Stoner classification shown on page 43 (Table III) 
is based on the observations of many investigators that 
the chemical and physical properties of the elements are 
periodic functions of their atomic numbers; that is, the 
number of electrons orbiting around the element’s nucleus. 
Each horizontal succession in the chart shows a gradual 
change of properties from one extreme to another. Such 
a succession is known as a Series. In one series the ele- 
ment on the left (sodium) is a chemically reactive metal, 
while that on the right is an inert gas (argon). The ver- 
tical columns are called Groups. Elements in the same 
group have similar properties. Thus, inert gases such as 
helium, neon, argon, krypton, xenon and radon constitute 
such a group (Group 0). 

As the elements become more complex electronically 
(higher atomic number), sub-groups begin to appear and 
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Fig. A-1—A_ graphic representation (for selected groups of 
elements) of electron arrangement in various quantum levels. 
For example, for fluorine two electrons are located in the first 
quantum level from the nucleus and seven electrons in the 
second level. The number of electrons in the outermost quan- 
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require delineation. Thus, although the elements in Sub- 
group I, (consisting of potassium, rubidium and cesium) 
are as metallic as those in Sub-group I, (copper, silver 
and gold), they certainly differ distinctly in their chemical 
reactivity. 

The roman numerals indicate the group to which the 
element belongs, and the subscript letter, the sub-group. 
The arabic number before the element’s symbol is the 
atomic number. The atomic weight appears under the 
name of the element. Integers under the atomic weight 
indicate the number and paths of the orbiting planetary 
electrons. 

The Bohr-Stoner periodic classification assumes that 
each element can be described by (1) the number and 


* This explanation of the Periodic System of the Elements has been con- 
tributed by Thomas D, Callinan, IBM Research Center, Yorktown Heights, 
New York. 





Electron arrangement 
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Astatine 
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tum level has an important influence on the properties of an 
element. In all elements (except for the stable inert gases in 
Group 0) the number of electrons in the outermost ring is 
incomplete, thus leading to varying degrees of chemical re- 
activity with other elements. 
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Fig. A-2—Typical representation of the total magnetic quan- 
tum number of a given element (in this case, sodium). 


(2) orbital position of its planetary electrons, (3) by the 
paths they take while orbiting, and (4) by the direction 
in which each is spinning on its axis. The electrons find 
themselves at discrete distances from their nuclei; al- 
though an electron can jump from one orbit or shell to 
another, it cannot survive in an intermediate position. 
These shells are lettered K, L, M, . . . progressively out- 
ward from the nucleus. They are also simply designated 
ee 452.3, where the integers correspond to the 
principal quantum number (n). 

The electrons travel in paths, the configurations of 
which change significantly with the distance of the elec- 
trons from the nucleus. The paths closest to the nucleus 
are spherical, those further away are ellipsoidal. The spher- 
ical are identified as the s-orbitals, the ellipsoidal as p- 
orbitals, d-orbitals, etc. (See bottom horizontal line of 
the chart.) An orbital can be described by appropriate 
quantum numbers. 

Thus, in the case of sudium (Group 1) the periodic 
table indicates that there are two electrons in the K-shell, 
eight in the L-shell (two of which have s-orbitals and six 
have p-orbitals), and finally that there is a single, un- 
paired electron in the third, or M-shell, traveling in a 
spherical path. The fact that there is an unpaired electron 
indicates that the element has a magnetic moment. (See 
Fig. A-1 on previous page.) 

Group I elements have a valence of unity and a single 
positive charge when ionized. There are two sub-groups 
in this family: Sub-group I,, the highly reactive metals 
lithium, sodium, potassium, rubidium, cesium and fran- 
cium; and Sub-group I,, the more inert elements copper, 
silver, terbium and gold. All combine with oxygen to form 
a compound of molecular formula R,O. 

Group II elements are known as the alkali earths. They 
have a valence of two and are doubly positively charged 
when ionized. These elements are usually separated into 
two sub-groups that include: (II,) beryllium, magnesium, 
calcium, strontium and barium; and (II,,) the less reactive 
elements zinc, cadmium and mercury. They react with 
oxygen to form compounds having the formula RO. 

The trivalent familiar elements, boron, aluminum, gal- 
lium, indium and thallium, are classified in Group III 
and Sub-Group III. The less-familiar elements (the rare 
earths) are found in Sub-group III,. The trivalent ele- 
ments combine with oxygen to form compounds with the 
formula R,O.,. 

The Group IV elements consist of two families: IV,, 
containing titanium, zirconium, cerium and thorium; and 
IV, containing carbon, silicon, germanium, tin and lead. 
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These elements combine with four atoms of hydrogen 
or two of oxygen and consequently are tetravalent. 

The presence of carbon in Group IV is the signal that 
the properties are changing significantly as one passes 
from left to right in the series, for obviously this element, 
while electrically conductive, is not a metal. 

Group V contains the familiar elements nitrogen and 
phosphorus. Of the two Sub-groups, V, contains the less 
familiar elements vanadium, niobium (columbium), 
praseodymium, tantalum and protoactinium. These are all 
pentavalent, and combine with oxygen to form com- 
pounds with the formula R.O,. Sub-group V,, includes 
the metals arsenic, antimony, thulium and bismuth. The 
last-named elements have become extremely significant 
in the last decade because they form intermetallic com- 
pounds having valuable semiconducting and magnetic 
properties. Their magnetic properties may be seen indi- 
cated in the case of bismuth as arising from the last 
three electrons orbiting in the three individual p-orbitals 
of the P-shell (quantum number 6). 

Group VI comprises the doubly negatively charged ele- 
ments oxygen and sulfur. These combine with hydrogen 
according to the molecular formulae H,O and H.S. The 
electronically complex higher elements are best separated 
into two families: VI,, consisting of the metals chromium, 
molybdenum, tungsten and uranium; and VI, with the 
less common elements selenium, tellurium, ytterbium and 
polonium. These elements play dual roles in terms of 
valence, at times acting as bivalent and trivalent elements, 
but at other times as hexavalent—as, for example, in 
potassium dichromate, K.Cr.O.. 

The halogens are fittingly placed in Group VII. Thus 
fluorine, chlorine, bromine and iodine are univalent, nega- 
tively charged elements when ionized, and combine with 
hydrogen to form compounds of the formula HX. Certain 
metals (manganese, rhenium, neptunium, ef al) are classed 
as members of Sub-group VII,. These elements possess 
heptavalent states as in potassium permanganate, KMnOQ,, 
but they obviously do not possess properties similar to the 
halogens with which they are grouped. 

The ability of the Bohr-Stoner periodic classification 
system of the elements to position these latter materials 
aptly is one of its obvious successes. Another consists in 
apportioning the ferromagnetic elements, iron, cobalt and 
nickel, to Group VIII. These elements, because of their 
multivalencies, unfilled inner orbital shells, and isomeric 
compositions, do not fit into other periodic charts easily. 
Here the elements seem to fall logically and their magnetic 
properties are accounted for on the basis of unpaired elec- 
trons in the M-shell (principal quantum number = 3). 

The chemically inert elements (Group 0) are those that 
do not combine under any conditions with other elements 
or even with themselves. They are inert because every 
possible position in each orbital is saturated with electrons. 
They are consequently magnetically neutral also. 

In addition to the constants already discussed, this chart 
also provides a symbolic representation of the total elec- 
tron-spin number of each element. This information ap- 
pears in the small rectangles shown in the lower right-hand 
corner of each box. A detailed exposition of the theory is 
beyond our scope here, but the symbol is related to the 
quantum number of the primary shell in which the elec- 
trons are in orbit and the type of orbital. For sodium, for 
example (see Fig. A-2), the symbol *Si, means that there 
is an unpaired electron in the M-shell (quantum number 

3) spinning in the s-orbital and it has an electron-spin 
number of 2. 
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Materials—Trends and Problems 


To DESIGN any structure is to design 
materials into specified configurations, 
special arrangements, and operating 
circuits and linkages. The final struc- 
ture may be a device, a discrete ma- 
chine, or a system. Whether he is work- 
ing with a silicon diode, a phenolic 
housing, a ferrite magnetic memory, 
silver contacts, aluminum coils, or 
stainless steel springs, the design en- 
gineer is above all concerned with the 
nature and behavior of materials. It is 
not important what the material is; it 
is important what the material can or 
cannot do. 

It follows that to discuss the “state 
of the art” of materials is to discuss 
them from the standpoint of their 
existing capabilities and inabilities. The 
state of the art then becomes the state 
of the problem areas. Several such 
areas will be explored in this review. 
The arrangement by classes of ma- 
terials is largely for convenience in 
presentation. In practice, there are no 
rigid boundaries. For example, a given 
functional need in plastics may find its 
counterpart in metals; on the other 
hand, a standard dynamic test in metals 
may be of doubtful validity if applied 
to nonmetals. 


Plastics 


It is characteristic of the plastics 
field to show progress on a broad front. 
New classes of materials make their 
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appearance to diversify and broaden 
the range of available design proper- 
ties, but this does not mean that the 
so-called “conventional” materials have 
been static. By means of basic resin 
chemistry, changes in fillers and rein- 
forcements, and improvements in the 
physical form of molding compounds, 
it has been possible to make modifica- 
tions in properties (also in processing 
characteristics) of conventional materi- 
als. For example, glass-filled phenolics 
have scored a notable success as an 
extreme-temperature material. 

For the past year or two, several 
new materials with unusually high 
physical properties have entered the 
thermoplastic field. Particularly inter- 
esting are the polycarbonates and the 
polyacetals. The ABS compounds 
(acrylonitrile-butadiene-styrene copoly- 
mers) also contribute important physi- 
cal properties. In the thermosetting 
category, the diallyl phthalate resins 
(DAP) show increasing use and are 
now available in a wider range of 
compounds. The epoxy molding com- 
pounds are now emerging to provide a 
new area for epoxy applications, in 
addition to the wide use of these resins 
for casting and laminating. 

New fluorocarbons have broadened 
the field in this group. In the case of 
the perfluorocarbon Teflon-100 (FEP), 
there is a significant improvement in 
the physical strength compared to that 
of conventional Teflon (TFE). In vinyl 


fluoride copolymer, another new ma- 
terial with good physical properties is 
now experimentally available. 

Developments in polyolefins have 
been dominated by linear polyethylene 
and polypropylene, both of which have 
superior temperature and _ physical 
strength properties compared to the 
conventional nonlinear polyethylene. 
Production capacity is likely to outpace 
applications for some time, but eventu- 
ally both materials are likely to find 
a wide variety and diversity of uses. 
Potentially, the polyolefins are also a 
source of still other new polymers and 
copolymers. 

So much for a quick rundown of 
new materials developments, What 
should be the attitude of the design 
engineer? The temptation of course is 
to accept not too critically the property 
advantages offered by these materials. 
But the knowledgeable design engineer 
examines such advantages less in ab- 
solute terms of a specific new material, 
and more in relation to the limitations 
he has experienced in his work. In the 
evaluation of every new material, the 
well-known sources of failure should 
be kept in mind. 

The Functional Approach. The func- 
tional approach to the evaluation and 
specification of plastics (and this state- 
ment is equally applicable to all ma- 
terials) is being increasingly accepted. 
The rule-of-thumb solution to the selec- 
tion of materials (material “A” is 
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“good” for impact strength; material 
“B” for elevated temperatures, and so 
on) is definitely outmoded. Faced by 
a new material or a modification of a 
conventional material, today’s design 
engineer is forced into a more sophis- 
ticated attitude. He asks, what is the 
fundamental nature of the material 
rather than what is its chemical classi- 
fication. He wants to know the per- 
missible, rather than the best theoreti- 
cal property values. How do the fabri- 
cation characteristics affect perform- 
ance properties of the material? Are 
the deficiencies of the material] (as well 
as the advantages) unequivocally 
stated? Is continuing research planned 
to eliminate existing defects in the 
material and increase its advantages? 

The functional properties of plastics 
of the greatest concern at present may 
be grouped into the following major 
categories: 


1. Structural and mechanical (impact, 
flexural, tensile and compressive 
strengths) 

. Flameproofness (fire retardance) 
3. Fabrication and moldability 
characteristics 

. Heat resistance and dimensional 
stability. 

. Resistance to moisture, oxidation and 
chemicals. 


The inherent importance of certain 
categories (for example, structural and 
mechanical properties) is apparent and 
requires no further comment.* Certain 
other properties, however, previously 
considered relatively minor, or of 
limited scope, have assumed a much 
tmhore general role as critical design 
parameters. 

Flameproofness. Some years ago, 
flameproofness in plastics was of prin- 
cipal concern in shipboard equipment, 
such as switchgear; now it is of grow- 
ing concern in electrical household ap- 
pliances and in other products where 
plastics are being increasingly used for 
structural parts in place of metals. The 
rate of burning is no longer the sig- 
nificant factor. It is far more important 
to know whether a given material is 
truly nonflammable —that is, self-ex- 
tinguishing. Flammability at the oper- 
ating temperature of the appliance or 
equipment is the key question, since it 
is this contingency that produces a fire 


* See “Plastic Molding Materials for Structural and 
Mechanical Applications,”’ page 59, this issue, for a 
review of materials in this functional category. 
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hazard. Tests are needed to establish 
the flameproofness of materials under 
operating conditions; handbook “self- 
extinguishing” values are not always 
realistic. 


Time-Dependency 
Considerations 


One of the most critical materials 
problems met by design engineers is 
the need to establish a time-dependency 
relation for given property parameters. 
Take high-temperature performance: a 
material that may be excellent for 200 
hr at 200 C may function for as long 
as 20 years at 100 C. In structural ap- 
plications, the time-dependency rela- 
tionship is particularly important. 

Proposals have been made for a new 
classification of plastics (and other) 
materials based on temperature-time 
performance: for example, materials 
for 800 C service, 500 C service, 350 
C service, and so on. The time factor 
could be stated in terms of given per- 
centage reduction in strength at the 
stated temperature—say, 50 per cent. 

The problem of combined variables 
is not limited to time and temperature; 
it extends also to other combinations 
such as voltage and _ temperature, 
strength and temperature, load and 
time. 


Dynamic Mechanical Properties 


The dynamic mechanical proper- 
ties of nonmetals are now being re-ap- 
praised with increasing realism. It is 
being realized that static mechanical 
test procedures fail to provide accurate 
design parameters. Standard tests used 
for metals are not always suitable 
for nonmetals. Short-time mechanical 
strength may not be nearly as import- 
ant as the creep phenomenon or failure 
due to fatigue stress. The emergence 
of certain new thermoplastics intended 
for structural and mechanical applica- 
tions, such as the polyacetals, poly- 
carbonates and polypropylenes, serves 
to underscore the need for dynamic 
test procedures. 


Fabrication 


Materials fabrication characteris- 
tics as a design problem have received 
relatively little attention in the past. 
Design engineers may have felt that 
this problem lies in the province of 
the production engineer. But in fact, 


fabrication processes and conditions 
can seriously affect the properties of 
the finished part. It does little good for 
suppliers to describe their materials 
in terms of design properties deter- 
mined on test specimens prepared by 
a laboratory fabrication method such 
as compression molding when the final 
part will be fabricated by injection 
molding or extrusion under entirely 
different pressure, temperature and 
flow conditions. 

A related problem is that of mold- 
ability—that is, the ability of a given 
material to be molded with certain 
equipment, as well as its ability to be 
molded in certain configurations, radii, 
undercuts, and combinations with in- 
serts. 


Test Methods 


The continuing lack of uniformity 
in test methods used by materials sup- 
pliers in their commercial literature is 
a source of considerable confusion to 
design engineers. There is no lack of 
available standard test methods (for 
example, the ASTM), but confusion is 
caused by the lack of agreement and 
uniformity in the manner in which 
property data are reported. 

Design engineers are also probing 
into the validity of the existing test 
methods, per se, the test equipment 
used, and the reliability of the values 
obtained.* Much stress is being placed 
on the need for establishing a realistic 
relationship between test values ob- 
tained on standard specimens and those 
obtained on actual fabricated parts. 
The difference in configuration or shape 
of a part alone may introduce an error. 
For example, the impact strength ob- 
tained with a standard notched Izod 
specimen may be inapplicable to a 
given fabricated part. 


Extreme Environments 


Still dominant is the need for elec- 
tronic materials to perform reliably at 
ultrahigh temperatures of 500 C or 
better. There is some reversal in the 
thinking that the organic materials are 
completely out of the running and have 
to be supplanted by inorganics. Some 
organic-filled laminates have shown 
themselves capable of temperatures 
greater than various inorganic materi- 
als. 

Other considerations include nuclear 
radiation effects, extreme shock and 
vibration, weight loss under high vac- 
uum, and such “outer-space” radiation 
problems. 

Department of Defense-sponsored re- 
search is largely concerned with future 
development of materials to meet such 
requirements — “future” meaning as 
soon as possible. Research is aimed at 


*See ‘Test and Measurement: Data and Discipline 
for Design Engineering,” page 219, this issue. 
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development of structural components, 
opaque and transparent plastics, elas- 
tomers, adhesives, and other materials 
that will function continuously at 500 
C or higher. Some materials under de- 
velopment today would include the 
polyaluminoxanes, phosphinoborines 
and semi-organic derivatives of di- 
borides and siloxanyl ferrocenes. 

These materials, and others, will re- 
quire years of additional development 
before they will have commercial value. 
In the interim, programs of more im- 
mediate utility exist to up-grade the 
materials currently in use. 

Hermetic packaging will increase 
and so will the search for plastics to 
meet the stringent requirements to 
qualify in this application. Gaseous, 
liquid and gel-type dielectrics will make 
sizeable inroads into many areas of 
use, such as applications in high power 
transmission facilities (such as circuit 
breakers), tubes and sealed packaging. 
Test instrumentation will necessarily 
have to be improved to provide greater 
sensitivity and reliability. 


Embedment and Encapsulation 
Resins 


Resin-embedment and encapsulation 
techniques are now being applied so 
widely in semiconductor devices, motor 
coils, transformers, circuit components 
and subassemblies that they have be- 
come accepted as standard practice. 
lhe epoxy resins undoubtedly dominate 


the field, but the silicone elastomer 
compounds are moving steadily ahead, 
offering advantages of a better thermal 
range and resilience. For lightweght 
applications, the isocyanate foam com- 
pounds are finding a wider use. Essen- 
tially applied as resin systems, an al- 
most limitless range of combinations 
of various classes of resins, hardeners 
and fillers is possible. 


Electrical Insulation 


The functional problems in the area 
of electrical insulation are in substance 
the same as those already reviewed for 
plastics, although they will differ in 
specific parameters. In many instances, 
of course, a plastics material serves 
both mechanically and electrically in a 
given application. The field of electrical 
insulation is at present concerned with 
three major objectives: 


1. Development and evaluation of new 
materials to meet requirements for service 
under extreme environments (as previously 
discussed.) 

2. Continuing study and improvement in 
the insulation-system concept, the mutual 
compatability of system materials, and fur- 
ther compatability with associated non- 
insulation materials such as structural ele 
ments, magnetics, adhesives and coolants 

3. A re-appraisal of existing test methods 
so as to attain a realistic relationship be 
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tween laboratory test results and field oper- 
ating performance; a corollary objective is 
the achievement of greater precision and 
documentation in property data published 
by materials producers. 


Magnet Wire 


Magnet wire is at present perhaps 
the key element in many of the most 
critical requirements in military elec- 
tronics — for example, ultrahigh-tem- 
perature transformers and inductors. 
Industrial applications, too, are creat- 
ing new performance requirements. 

At present, commercial performance 
data are available in much detail as 
the result of a great deal of evaluation 
work done in accordance with applic- 
able AIEE test procedures. The pub- 
lished data clearly show the drastic 
effects of the increasingly high operat- 
ing temperatures required in current 
equipment and system design. 

Among the newer enameled wires, 
the solderable types (now largely poly- 
urethanes) are finding many successful 
applications. Recently a nylon-over- 
polyurethane enameled wire has been 
introduced for 130 C service. 

In enameled wire for service at tem- 
peratures up to and above 155 C, the 
polyester- and epoxy-insulated wires 
tind increasing use. Other new magnet- 
wire insulations of significance include 
glass fiber combined with fused poly- 
ester (Dacron) fiber. 

Acrylic resins, silicones, fluorocar- 
bons, ceramic combinations and the 
fluorocarbons are used in various types 
of magnet wire to meet requirements 
in special fields. New polyamide 
enamels are in the offing. 

Research in magnet wire able to 
operate at 500 C is very intense, both 
in this country and abroad. Ductile 
ceramics seem to fill the need, but 
much work is needed to overcome some 
current limitations. The possibility of 
organics or combinations of organics 
and inorganics is not to be discounted.* 

On the broad (non-military) applica- 
tion front, probably the greatest in- 
terest (for both user and manufac- 
turer) is in the development of truly 
“universal” magnet wires. That is, those 
which can be produced economically 
with characteristics that will meet the 
broadest possible fields of use. 

The problem of magnet wire cannot 
be treated solely as that of the insule- 
tion. Obviously, the conductor is in- 
volved, particularly where extreme en- 
vironments are encountered. Much work 
has been done in investigating metals 
other than copper, particularly alumi- 
num, nickel-clad copper, silver, tanta- 
lum and others. The aluminum strip 
conductor is being developed rapidly, 
with many potential uses both in the 
anodized (self-insulated) form and 


*See “Magnet Wire for Extreme Environments," 
page 106, April 1960 issue. 


with plastics insulation film interleav- 
ing. 


Magnetic Materials 


In the area of magnetic materials, the 
emphasis is on fundamental research 
seeking (a) an adequate understand- 
ing of basic phenomena still not fully 
understood, and (b) new forms of ma- 
terials able to perform the complex 
and difficult functions demanded by 
contemporary devices. 

As might be expected, computer and 
computational devices form one area 
of overriding importance. Microwave 
components comprise a second area. 
Magnetic cores for transformers and 
inductors for service under extreme 
conditions of elevated temperature and 
nuclear radiation are being evaluated 
closely.* Ferromagnetic thin films are 
under extremely intensive research, 
with some possibility that the swing 
will be to ferrite films.+ 


Ceramics 


A new measure of importance has 
been acquired by ceramics as key ma- 
terials in many microelectronic devices; 
for example, substrates in micromod- 
ules. The inherent ability of ceramics 
to withstand elevated temperatures and 
nuclear radiation has focused attention 
on them as magnet-wire insulations and 
transformer-coil sealants and impreg- 
nants. A currently active Department of 
Defense R & D research contract calls 
for development of an electrical insul- 
ating vitreous coating for a wire oper- 
ating in the temperature range —65 
to +816 C, maintaining sufficient flex- 
ibility for practical usability. 

Ferroelectric ceramics as memory de- 
vices are another direction of applica- 
tion. Some current research programs 
include work on barium titanate single 
crystals for tape memory devices. 


Metals 


The performance problems of metals 
in research and design applications are 
inherent to all materials, with certain 
exceptions that are peculiar to metals 
alone. 

As in other materials, high-tempera- 
ture performance, structural strength at 
normal and elevated temperatures, the 
need for new and more efficient meth- 
ods of testing, radiation environments, 
fabrication and the normal inertia to- 
ward research present the basic prob- 
lems in metals technology. 

Unfortunately, the more glamorous 
aspects of metallurgy are continually 
overpublicized, and the basic problems 
remain underdeveloped. A classic case 
in point was titanium. Here was a 
metal with unusual physical properties 
that showed great promise for high- 
* See ‘‘Magnetic Core Materials for Extreme Environ 
ments,” page 76, this issue. 


+ See ‘“‘Magnetism Research Pushes New Engineer 
ing Developments,” February and April 1960 issues 
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strength, high-temperature applications. 
Billed as the “wonder metal of the 
age,” its main development was retard- 
ed until the scientist and engineer took 
over the responsibility. 

The rare and unusual (exotic) metals 
are at the moment under the probing 
of the microscope. The high-melting 
tantalum, tungsten, niobium and molyb- 
denum exhibit high-strength properties 
at extremely high temperatures, but an 
acute problem is the high rate of oxida- 
tion of these materials at very high 
temperatures. So far, nickel cladding 
and coating of molybdenum has shown 
progress. Rhenium has a high modulus 
of elasticity, good strength and ductil- 
ity, high melting point and good prop- 
erties at elevated temperatures. It ap- 
pears headed for many structural ap- 
plications, but potential availability is 
limited, and only small-volume appli- 
cations are foreseen. 

Conductance at high temperatures is 
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Plastics Molding Materials 
For Structural and 
Mechanical Applications 


... first in a projected series of articles on functional plastics for the design engineer. 


HAROLD E. BARKAN, Associate Editor, and ALEX. E. JAVITZ, Special Features Editor 


[THE SIGNIFICANCE OF mechanical and structural proper- 
ties of plastics molding materials as an influence on 
design may be better understood by evaluating typical 
test methods and interpreting the important properties 
of appropriate materials. Table I is a composite listing 


of average properties of various classes of molding com- 
pounds. Mean average properties on the bottom line of 
the table provide a basic reference. The properties of 
glass-reinforced compounds are separately treated (Table 
{l) because of the importance of these materials. 


Significance of Test Methods 


Tensile Properties of Plastics (ASTM D638) 


This method is intended for determination of the 
comparative tensile properties of plastics in the form 
of standard test specimens, tested under defined condi- 
tions of pretreatment, temperature, humidity and testing- 
machine speed. Tensile properties, for purposes of this 
article, include tensile strength, elongation at break, and 
modulus of elasticity. 

Tensile strength is the maximum tensile load per unit 
area of original cross-section, within the gage bounda- 
ries, required to break a test specimen. Tensile load is 
the maximum tensile load sustained by the specimen 
during the test, whether or not this coincides with the 
tensile load at the moment of rupture. It is expressed 
in pounds per square inch. 

Percentage elongation is the increase in length, ex- 
pressed as a percentage of the original gage length. The 
elastic modulus is the ratio, within the elastic limit of 
a material, of stress to corresponding strain. It is a 
measure of the force required to produce a given change 
in dimension. Thus a high modulus is associated with 
rigidity and ability to hold shape under momentary 
loading. Under prolonged loading, however, deformation 
may develop through cold flow; and under repeated 
loading, through fatigue. The moduli of plastics are low 
in comparison with those of structural metals. 
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The ASTM-D638 test method is not well adapted to 
the testing of plastics in the form of thin sheets or films. 
Neither is it particularly suitable for testing elastomers. 

A material cannot be tested without also testing the 
method of preparation of that material; hence, when 
comparative tests of materials per se are desired, all 
samples must be prepared in exactly the same way. 

Since the existence of a true elastic limit in plastics 
is debatable, the propriety of applying the term “elastic 
modulus” in its generally accepted definition to describ- 
ing the stiffness or rigidity of plastics has been seriously 
questioned. The exact stress-strain characteristics of plas- 
tics materials are highly dependent on such factors as 
rate of application of stress, temperature, and previous 
history of specimen. However, stress-strain curves for 
plastics, as described in this method, almost always show 
a linear region at low stresses. A straight line drawn 
tangent to this portion of the curve permits calculation 
of an elastic modulus of the usually defined type. 


Impact Resistance of Plastics Materials 
(ASTM D256) 

The relative susceptibility of plastics materials to frac- 
ture by shock is indicated by the energy expended by a 
standard pendulum-type impact machine in breaking a 
standard specimen with one blow. 

(Continued on page 61) 
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Table 1—Physical Properties of Selected Plastics Molding Compounds° 


cent 


per 


MATERIAL 


@ 73 F, ASTM D638 
Flexural modulus, psi, 


Tensile strength, psi, 
ASTM D790 


Elongation, 

Impact strength (Izod), 
ft-lb /in. of notch, 
ASTM D256 

ASTM D638 


| 


Acetals 

1. General-purpose 
molding 10,000 410,000 

2 High-viscosity 
for extrusion 10 ,000 410 ,000 

1400 


7300 


160 .000 
350 ,000 


Acetate, cellulose 


Acrylics 
1. Acrvionitrile-bute 
diene-styrene 


8800 450 ,000 


Methyl! methe 


crylate 9000 


High-impact AES 5500 280 .000 


Methyl meth 
acrviate, aloha 
methylstyrene 


9000 480 ,000 


Butyrate 
acetate 


cellulose 
2600- 
6900 


130 ,000- 
160 ,000 
DAP (dially! nhthalate 


1. Asbestos filled 5500 1.3 10° 


2 Cellulose filled 5000 0.6 10° 


5000 10° 


Dacron filled 


Glass-fiber filled 8000 


Mineral! filled 4000 
Mineral and Orlon 
filled 5500 


Orlon filled 6000 


8. Unfilled 3000 


4000 


Epoxy 
1. Glass-reinforced 57 ,000 
2. Mineral filled 

glass-fiber re- 


inforced 50% 


3. Paper filled 

Haloeens 

1. Chlorinated poly 
ether 


6000 000 


Tetrafluoroethylene 


(TFE) 200-300 2500 


3500 


Fluorinated ethvlene 


propylene (FEP 370 3000 


no break 


Trifluorochloro- 


ethylene polymer 300-350 1600 


1700 


no break 


Phenolics 
1 Ceramic-fiber re 
inforced 


Paper base 


Quartz-fiber re- 


inforced 10 ,000 2.0 K 10° 


0.36 


12-16 


om 1 X 106 


375 .000 


4. Woodfiour filled 


7500 


Polycarbonates 60-100 10,500 


11 ,000 


(Rockwell, 


90 
ASTM D648 


Flexural strength, pst, 


ASTM D 


Modulus of elasticity 


in tension, psi, 
ASTM D638 


except where noted), 


Compressive strength, 
ASTM D785 


perature, deg F @ 264 
psi, ASTM D695 


Heat distortion tem 
Specific gravity, 
ASTM D792 
Hardness 

Mold shrinkage, 


psi, 


| 


0.65- 0 
2.60 KX 108 0O 


13.500 


16,000 17.000 


8700 7.300 


15 ,000 M-102 


105 


1800 
9250 


113-202 2100 


9400 


R-31, 
R-116 


12,000 25.000 M-100 


9000 "30,000 


11,500 30.000 


18 ,000 30 .000 


8500 21,000 


8000 


10,500 30.000 


22 ,000 
24,000 


7000 
9000 


79 ,000 48 000 


17 ,800 25 500 


20 000 


5000 8800 


no break 


11,000 30 ,000 63 Barco] 


55-58" 
M-105 


15,000 : ls 36 


14 000 30 ,000 78 Barcol 


66-68 
M-110 


M-70 


30 ,000 d 


11,000 


1.39 


12 


350 0 006 


280 


10 ,000 


0.005 


13 ,000 0.007 


sss 


(a) Average values based on manufacturer's data. Test methods are based 
on ASTM procedures. This table is a general reference for properties 
and is not intended for specification of materials. 


(b) Based on SPI Plastics Engineering Handbook, 3rd Edition, Reinhold 


Publishing Corporation, New York. (D i 
ad oS rk. (Does not include polycarbonates 
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Table !— Physical Properties of Selected Plastics Molding Compounds (Cont.) 


MATERI/L 


Polyamide 
1. Mol bdenum disul- 
fide filled nylon 


Type 6 nylon (poly- 
caprolactam) 


3. Type 66 nylon (poly- 7 


hexamethylene) 


Polyethylene 
1. High density 


2. Chemically cross- 
linked 


Polyesters 
1. General-purpose 
alkyd 


Mineral-filled 
alkyd 


Glass-fiber-re- 
inforced alkyd 


Polypropylene 


Propionate, cellulose 


cent 
psi, 


per 

73 F, ASTM D638 
Impact strength (Izod), 
ft-lb /in. of notch, 


ASTM D256 
Tensile strength, 


Elongation, 
ASTM D638 


(a 


0.02 


12,000 


11,800 410,000 


Flexural modulus, psi, 


ASTM D790 


385 ,000 


5000— 


10,000 


perature, deg F @ 264 
ASTM D648 
ASTM D695 

(Rockwell, 
except where noted), 

ASTM D785 

Modulus of elasticity 

in tension, psi, 


Compressive strength, 
ASTM D638 


Flexural strength, psi, 
Heat distortion tem- 


ASTM: D790 
psi, 

psi, 

Specific gravity, 
ASTM D792 
Hardness 


R-110- 575 ,000 
125 


Mold shrinkage, 
in. /ir, 


| 


R-118 300 ,000 


10,000 


18,000 R-120 400 ,000 


2000 R-30 





Barcol 1.4 X 104 
60 





5700 


5800 


Barcol 1.8 X 106 
60 


0.085 K 108 0.02- 
0.05 





2.08 Barcol 2.2 K 108 
70 


0.905 R-9S 1.7 X 108 


0.002 


0.010- 
0.025 





6600 1.22 R-105 


1.7 X 105 


Silicones, general 
purpose 3000 

Styrenes 

1. Polymethylstyrene 6600 

2. General-purpose —— 
polystyrene 1.5-2.5 0.30 

0.40 


7000 


Chemically cross- ae 


linked polystyrene 2.9-3.3 0.35- 
0.50 


8000- 
10 ,000 
High-impact poly- re — 


styrene 28-35 0.9-1.1 4300- 


4800 


Vinyls 

1. Vinylidene chloride 3000 — 
400 ,000 
600.000 


2. Polyvinyl chloride 


acetate 7000 


4363 0.77 K 108 


There are two types of pendulum-impact machines and 
three methods of test. results of which cannot be directly 
compared to each other. For purposes of this article. 
only the cantilever beam or Izod type’ test has been con- 
sidered. In this method, the specimen is held as a can- 
tilever beam and is broken by a blow delivered at a fixed 
distance from the edge of the specimen clamp. The test 
requires a notched specimen, the notch being extended 
to produce a standard degree of stress concentration and 
largely prevents plastic deformation. 

The indicated impact strength of a material, for all 
practical purposes, is based upon the sum of the energy 
to initiate fracture of the specimen, the energy to propa- 
gate the fracture across the specimen, and the energy to 
throw the free end of the broken specimen 
factor”). The tearing energy of relatively brittle ma- 
terials is small compared to the energy of fracture. In 


(“toss 


MAY 1960 


15 ,000- 
18,500 226 


6000 170 


4500 


11,000 120 


7067 


4.0 X10! 0.0046 


1.05 M-70-80 4.5 X10! 0.003- 


0.005 


218- _ 1.05 _ 2.4 X 10! 


5100 1.04 M-50-55 4.5 x 105 


130 M-50 0.05 x 10# 


R-120 — 


2078 R-85 0.72 X 10# 


the case of tough, ductile materials, or fiber-filled or 
cloth-laminated materials, the reverse is true. The toss 
factor may represent a very large fraction of the total 
energy absorbed when testing relatively brittle materials 
(less than 0.5 ft-lb/in. of notch). 


Flexural Properties of Plastics (ASTM D790) 


The method is designed for rigid and semi-rigid 
materials. It is not applicable to materials that do not 
break under flexure. 

In this method a bar of rectangular cross-section is 
tested in flexure as a simple beam, the bar resting on 
two supports and the load being applied by means of a 
loading nose midway between the supports. The specimen 
is deflected until rupture occurs, or until the maximum 
fiber strain of 5 per cent is reached, whichever occurs first. 

Flexural properties determined by this method are 
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Table 11 — Mechanical Properties of Molded Fiber-Glass-Reinforced Resins 


Rockwell | Modulus 
hardness, Impact | of 
M Scale Flex- strength, Com- Heat Mold elastic- | Elonga- 
(except ural Tensile ft-Ib/in. pressive) Shear | dis- shrink- ity in tion, 
Compound Specific where strength, strength, notch, strength, strength,| tortion, age, tension, per 
Type of resin form gravity noted) psi psi Izod psi psi deg F in. /in, 10° psi | cent 


ASTM Test Method D792 D785 D790 D638 D256 D695 D732 D648 | D638 


Thermosetting 
Alkyd Rope or putty Barcol) 7 000 8000 23 ,000 >400 0.0035 | 


Dially!] phthalate Powder or flakes 3,000 7000 26,500 . 390 0.0030 
Epoxy Flake or pellets 101 ,100 8800 21,500 244 | - 
Melamine-formaldehyde Granular ,000 6000 28 ,000 - 400 0.0025 
Phenol-formaldehyde 1-in. length dry 

strands : 90 000 | 7000 15,000 11,000 >600 | 0.0009 
Polyester Putty Barcol) 72 000 | 8000 25,000 - >300 0.0010 | 
Silicone 44-in. granules 45 ,000 : 4500 10,000 ; 11,300 | 900 _— 


| 

. Thermoplastk | } | | 
Fluorocarbon Powder 2.15 (J-Scale) 80 8000 2300 af 6000 265 0.0250 - 

| 


Nylon 3%-in. granules 1.36 100 22,000 | 19,000 q 16,000 | 12,300 | 498 | 0.0040 | _ 
Polystyrene l4-in. granules 1.28 95 17,500 | 14,000 17 ,000 8200 220 0.0015 | 12 


a 


Source This tabulation has been specially compiled for this report by L. H 2. The compounds listed in the attached chart are commercially available 
Bennett, Development Engineer, Owens-Corning Fiberglas Corporation from the sources listed in the Appendix. In addition, a large number of 

specialty compounders and compounding molders are equipped to tailor a 
NOTES material to the specific demands of a part. This is most common with 


esters 


The d n this chart are representative of commercially available com poly 
0 ild be used only as a guide. Almost all of the compound 
manufacturers give a range of values for each physical and electrical property. Standard test procedures leave much to be desired when evaluating 
Many compounds and several grades of compounds are available in each of glass-reinforced materials—for example, heat distortion point of reinforced 
€ i. The physical and electrcal properties of the n at 498 F ws unreinforced nylon at approximately 360 F. This variance 


resin-based systems liste 
to the residual strength of the inert fibers 


th 
inds vary in relation to the glass content 


useful for quality control and specification purposes. Re- one and large enough to cause cold flow, even though 
t= 5 there is no immediate permanent distortion. Compressive 


producibility between specimens is approximately 
strength can usually serve only as a base upon which 


per cent for homogeneous materials tested under com- 
parable conditions. However, flexural properties may to apply a large factor of safety. 
vary with specimen thickness, temperature, atmospheric However, compressive tests, properly interpreted, pro- 
conditions and differences in rate of straining. vide reasonably accurate information on compressive 
Since a molded article must usually be designed to properties of plastics when employed under conditions 
hold its shape under flexure, rather than merely not to approximating those under which the tests are made. The 
break, a test for flexural stiffness or for modulus of tests cannot be considered significant for applications 
elasticity is generally more significant than a test for differing widely from the load-time scale of the standard 
flexural strength. test. Such applications require suitable tests such as im- 
pact, creep and fatigue. 
Heat-Distortion Temperature of Plastics Compressive strength is calculated by dividing the 
Under Load (ASTM D648) maximum compressive load carried by the specimen dur- 


The heat-distortion temperature in deg F at fiber ing the test by the original cross-sectional area of the 


stress of 264 psi is a statement of the temperature re- 
quired to permit an arbitrary standard amount of de- 
flection by a standard load, in a test in which the speci- 
men is subjected to a gradually increasing temperature. 
It is thus an indication of the ability of a material to 
retain its stiffness, or resistance to deformation, against 


specimen. The result is expressed in psi. 


the weakening influence of high temperature. 

Higher distortion temperatures are recorded with a 
similar test conducted under a lower load of 66 psi. The Tension | 
test is significant where materials are subjected to lighter 
loads. A particularly wide difference between 66-psi and 
264-psi temperatures constitutes a design warning; stress 
should be minimized in parts designed for service under 
higher than normal temperatures. 


Compressive Properties of Rigid Plastics 
(ASTM D695) 

Compressive strength is the measure of compressive 
load required to cause failure. It is seldom of direct : pan ananeemeares 
significance for thermoplastic materials, since an article ieee cent i Elongation, per one 
must usually be designed to resist deformation, which ” , ' ‘ : . 
occurs under loads much less than those that will cause eee aaa eee ao a 
failure. This is particularly so if the load is a permanent at 73 F. cate, a Cee ne Se ee 
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Properties of Selected Structural Materials 


Acetals 


Delrin acetal resin by Du Pont is a highly crystalline, 
high-melting thermoplastic polymer. It has high tensile 
strength, rigidity and resistance to deformation at high 
temperatures. Frictional properties are excellent (ap- 
proaching the fluorocarbons) and its reported resistance 
to creep, particularly above 150 F, is far superior to most 
other thermoplastics. Its dimensional stability, due to 
low moisture absorption, makes it highly suitable for 
mechanical components. 

Figures 1 and 2 illustrate the high strength of acetal 
resin. Its load-bearing qualities in tension and com- 
pression are outstanding when compared to other thermo- 
plastic materials. Figure 3 shows the effect of tempera- 
ture on yield strength. Unlike most thermoplastics, this 
material exhibits a high yield strength at 250 F. Tensile 
strength is not affected by moisture by more than 10 
per cent. 


10,000, — 
| ~Breok 


3000 


15C 200 250 300 a 


per cent elongation 


Fig. 2—Stress vs strain of Delrin acetal resin. 
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Fig. 3—Effect of temperature on tensile properties of Delrin. 
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Creep or deformation with time occurs in almost all 
plastics under load at room temperature. Figure 4 com- 
pares creep resistance of acetal to other plastics materials, 
while Fig. 5 shows creep properties for acetal alone. The 
low values for deformation, even with a load of 2000 psi 
in 80 per cent RH at 160 F, are shown in Fig. 5. 

The fatigue endurance limit is the stress level below 
which the material will not fail, no matter how many 
times the load is applied. In this respect acetal shows a 
very high fatigue endurance. Thus this material should 
show excellent qualities for gear and other highly stressed 
parts applications. 


Acrylics 

Acrylic resins have long been known as a design ma- 
terial. The advantages and disadvantages of such ma- 
terials as methyl methacrylate or methyl acrylate have 
been well described in the literature. 

However, acrylonitrile-butadiene-styrene (ABS) is an 


7 
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Fig. 5—Total deformation of Delrin vs time under load (80 
per cent RH and 160 F. (Note: points indicated on the ordinate 
show the initial strain for curves 1-5, respectively.) 
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000 

ver\/ over 

year) \lO years 
Fig. 6—(a) Tensile creep of Kralastic MM at 73 F. (b) Tensile 
creep of Kralastic MM at 160 F. (These data are calculated 
from results of test data obtained at various sustained stress 
levels over 1000 hr; 100,000-hr data for lower stress levels are 
derived from results obtained at higher stress levels using 
proven mathematical approaches.) (Source: Naugatuck Chem. 
Div., U.S. Rubber.) 


important addition to the family. It is readily fabricated 
by injection molding and easily machined by most com- 
mon methods, making preparation of comprehensive 
prototypes relatively easy. 

ABS materials are engineered for medium or high 
impact properties. The medium-impact material has gen- 
erally higher physical properties, while the high-impact 
material is tougher. Figure 6 illustrates the tensile creep 
properties of the medium-impact material under varying 
loads at room and high temperatures. It shows negligible 
plastic flow at room temperature with loads of 3000 psi. 
Thus, elevated-temperature performance is considered 
good. In addition to low creep deformation, the material 
exhibits high rigidity, dimensional stability and heat re- 
sistance. Temperature-stress characteristics for ABS plas- 
tics are generally higher than those of highly crystalline 


Table Il!—Flexural Strength of DAP Resin* 
(50 per cent Silica-Filled) after Exposure 
At 350 F for Extended Periods 


(Measurements at room temperature) 


| 
Time, days 


Flexural strength, psi 
0 8,200 
3 9,300 
7 9,700 

14 11,000 

21 11,100 

28 9,500 

35 10,800 

42 9,000 

49 8,900 


*Food Machinery & Chemical Corporation Dapon resin. 
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materials, and they are recommended for continuous use 
up to 185 F. 

Another new acrylic material is a co-polymer of methy! 
methacrylate and alpha-methylstyrene (PL-11, J. T. Baker 
Co.). This material represents a considerable improve- 
ment over existing crystal-clear thermoplastics, since it 
can be used satisfactorily at temperatures approaching 
250 F. The most important property of the material is its 
high heat-distortion values. The practical significance of 
this is shown in Fig. 7, the curve indicating that room- 
temperature strength is retained well even at tempera- 
tures above 200 F. 

Under different loadings, this material retains its heat 
resistance under moderate stresses. In comparison, many 
heat-resistant materials such as polyamides, stereospecific 
polyethylene, and polypropylene are readily deformed 
when loaded at elevated temperatures. 


Alkyds 


The alkyd molding compounds are based on polyester 
resin formulation. There are basically three types of 
alkyds: glass reinforced, putty and granular. 

The alkyds are characterized as fast-curing at the 
selected molding temperatures and with very free flow 
of the resin binder. Thus, cures can be completed as 
quickly as 15 sec for small parts with thin cross-sections. 

Glass-fiber reinforced compounds show high strength, 
dimensional stability and good heat resistance as basic 
physical properties. 

The granular materials may be mineral filled. They 
are designed for fully automatic or semi-automatic high- 
speed molding. In addition to good strength properties, 
they have superior electrical characteristics. The putty 
materials are used as encapsulation compounds, with 
little or no application in molding. 


Dially! Phthalate (DAP) 


Fully cured DAP resin is highly resistant to dimen- 
sional change under conditions of high humidity and 
temperature. Lifetime post-mold shrinkage averages as 
low as 0.0005-0.001 in./in., depending on the filler used. 
DAP resin is widely used for molding electrical com- 
ponents. Its high dimensional stability makes it well 
suited for use with multiple metal inserts. Unlike many 
other resins, it does not corrode metal inserts, even after 
extended storage. Thus, it is ideally suited for hermetic- 
ally sealed systems and for moldings with critical toler- 
ance specifications. 

DAP resin may be combined with various fillers to 
give a series of molding compounds having a wide range 


Table 1V—Hot Flexural Strength of DAP Resin* 
(Silica-Filled) 


Temperature, deg F 


Flexural strength, psi 
Room temp. 8,200 

200 8,300 

250 9,000 

300 7,400 

350 4,100 


*Food Machinery & Chemical Corporation Dapon resin. 
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Fig. 7—Effect of temperature on flexible modulus of new fluoro- 


carbon thermoplastic. (Source: J. T. Baker Chemical Co.) 


of properties. The fillers most commonly employed are 
asbestos, glass, Orlon or Dacron fibers, and finely pow- 
dered, inert mineral fillers used in combination with the 
fibrous materials. 

Filled DAP plastics have good retention of physical 
properties when heat-aged for long periods at tempera- 
tures up to 350-400 F. Specially formulated DAP resins 
can withstand higher temperatures. The results of heat 
aging a 50 per cent silica-filled compound at 350 F up to 
7 weeks are shown in Table III. Flexural strength meas- 
urements were made at room temperature in accordance 
with ASTM procedures. 

Table IV reports flexural strength tests on a 50 per 
cent silica-filled compound at various temperatures. 
Flexural measurements were made at the test temperature 
in accordance with ASTM D790-49T. Results show that 
there is good retention of strength at 300 F and fair 
retention at 350 F. Compounds made with the thermo- 
plastic fillers (Orlon, Dacron) have lower heat-distortion 
values than mineral-filled compounds. Glass-fiber-filled 
resins have the highest heat-distortion values. 


Epoxy 


These molding compounds demonstrate highly desir- 
able compressive, flexural, tensile and impact strengths 
while maintaining high dimensional stability under ad- 
verse environmental conditions. (These compounds are 
distinct from the epoxy casting resins used for embed- 
ment and encapsulation of electronic circuits.) 

The acceptance of epoxy molding compounds has been 
due mainly to their superior electrical properties and 
their strong adhesive qualities which give tight, moisture- 
resistant seals around inserts. These compounds «/« either 
mineral-filled (silica flour, clay, barytes, graphite, etc.) , 
or reinforced with organic and inorganic fibers (nylon, 
Orlon, Dacron, glass fiber). Ordinarily, resins include 
mixtures of fiber and mineral. 


Table V—Mechanical Properties of 
Epoxy Molding Compounds* 


EMC 8237, 


Strength | EMC 8238, 
50 per cent glass-reinforced 


test mineral-filled 
Flexural, psi 10,000 
Compressive, psi| 18,200 
Tensile, psi | 6,620 


17,800 
25,500 
9,130 


po eee 
| 
_ 


*Source: American-Marietta Company. 
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Fig. 8—Surrounded by “Scotchply” molding compound in bulk 
form are: top, portion of sphere showing even distribution of 
uniform-length glass fibers; center, part showing material’s 
ability to be molded at inside and outside corners; and bottom, 
another part showing how sections with deep draws are pos- 
sible. (Source: Minnesota Mining & Manufacturing Co.) 


Epoxy molding compounds combine the properties of 
their component materials. The resin supplies high elec- 
trical properties while the reinforcement or filler supplies 
typical mechanical properties. Therefore, mechanical 
strength can be altered from compound to compound by 
varying the amounts and types of reinforcement and 
filler materials (Table V). 

Epoxy molding compounds exhibit the advantages of 
soft flow and low mold shrinkage. The latter ranges from 
0.001 to 0.006 in./in. for all compounds, varying with 
the type of filler and reinforcement. Soft flow and low 
shrinkage permit molding with inserts with low distor- 
tion or displacement characteristics and high dimensional 
stability. 

A new development in epoxies is a self-extinguishing 
molding compound. Although the exact composition has 
not been disclosed, it is understood that self-extinguishing 
properties are not obtained through resin additives, 
special fillers, or liberation of chlorine. 

A new glass-reinforced epoxy molding compound 
coupling high strength and conformability has been de- 
veloped by Minnesota Mining and Manufacturing Co. 
(Fig. 8). Called “Scotchply high-strength molding com- 
pound 1100,” it offers an average flexural strength of 
100,000 psi, average tensile strength of 40,000 psi, and 
an average compressive strength of 38,000 psi at normal 
temperatures. 

Increasing requirements for thermally stable polymers 
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Fig. 9—Tensile strength vs temperature (ASTM D638-52T) for 


TFE resins compared with other plastics materials. (Source: 
Du Pont.) 


has prompted new research on modifications of epoxy 
resins. There is considerable evidence to show that cer- 
tain semi-organic polymers have unusual thermal sta- 
bility. Some organophosphorus compounds are interest- 
ing as high-temperature polymers. The high stability of 
phosphorus-carbon and molecular 
bonds justified a program at Melpar, Inc., directed toward 
modification of epoxide resins by incorporation of phos- 


phosphorus-oxygen 


phorus as an integral part of the epoxide molecule. It is 
anticipated that modified phosphorus-containing epoxide 
polymers might conceivably exhibit thermal stability as 
high as 932 F. 


Halogens 


The National Bureau of Standards is conducting a 
research program on the synthesis of fluorocarbons which 
possess greater stability than other plastics materials. 
It is believed that totally fluorinated aromatic polymers 
would have greater resistance to high temperatures than 
any polymeric materials now available. Development of 
materials that can withstand extreme environments is 
necessary to the design development of many currently 
operative components and systems. 

TFE fluorocarbon resins (Du Pont’s Teflon) have high 
retention of mechanical strength over 500 F. Figure 9 
compares strengths of TFE resins to other plastics ma- 
terials at various temperatures. The ability to withstand 
mechanical shock over a wide range of temperatures gives 
these resins a distinct advantage over relatively brittle 


materials such as ceramic and glass and over temperature- 
sensitive plastics for insulation applications. However, 
compressed under load, the total displacement increases 
with load and temperature. Upon release of the load, 
TFE resins regain their original dimensions immediately, 
if the theoretical elastic limit has not been exceeded. 

A new fluorocarbon, Teflon 100 (fluorinated ethylene 
propylene, also known as FEP), is similar to the TFE 
resins electrically, but has important physical and proc- 
essing differences. Unlike TFE, which must be processed 
in a manner similar to powder metals, it can be extruded 
or molded in thermoplastic processing equipment. FEP 
also differs from TFE in heat resistance, being rated 
100 F lower (about 400 F) for continuous-service con- 
ditions. Incorporation of fillers in the resin improves 
mechanical properties (Table VI). Most additives recom- 
mended improve stiffness and resistance to wear. Some 
of the fibrous additives reduce mold shrinkage, thereby 
reducing any tendency toward cracking of the fabricated 
resin. 

Another new fluo:ocarbon thermoplastic, RC-2525 by 
Pennsalt Chemical Corv., is a crystalline, high-molecular- 
weight polymer of vinylidene fluoride. The more im- 
portant mechanical properties include high tensile and 
compressive strength, high impact strength, and low 
cold-flow characteristics. It is flexible in thin sections for 
film and tubing, and rigid in heavy sections where load- 
bearing characteristics are important. The useful tem- 
perature range is from —60 F to above 300 F. It is 
thermally stable for short periods (14 hr) at 650 F, 
intermediate periods (16 hr) at 500 F, and long periods 
(1 yr) at 300 F. 

Penton (Hercules Powder) is a chlorinated polyether 
resin. It is a comparatively rigid material, dimensionally 
stable, with a iensile strength of 6000 psi. It has high 
resistance to deformation under load and has very low 
cold flow as compared to TFE fluorocarbons. Finished 
parts are therefore structurally tough and resistant to 
most environments. 


Phenolics 


Phenolic molding compounds are among the oldest 
and most versatile of all molding compositions. Though 
advances in these compounds have not been as spec- 
tacular as many of the new materials, they still rank as 
one of the more important plastics engineering resins. 

Phenolics are hard, rigid and strong, with heat re- 
sistance to 300 F and above. Mineral and glass-reinforced 
resins will perform continuously up to 400 F. The ability 
of phenolics to be filled and reinforced by minerals and 


Table Vi—Mechanical Properties of Filled Compositions of FEP-Fluorocarbon Resin 


Ultimate 
elongation, 
per cent @ 


| Tensile 
Filler strength, 
content, psi @ 

per cent 23C 
| 0 3250 
2310 
2420 
| 1840 
| 2280 
| 2390 


Filler 
None (control) 
Fiber glass 
Fiber glass 
Silicate fibers 
Graphite 
Silica 
Glass flake 


Flexural 


Modulus* | | Resistance 
| Impact Flex to 


Tensile 


100% 


strength* life* crackingt 


100% 
150% 
210% 
120% 


100% 100%, 
16% >100 ,000% 


72% 


100%, | 


10% | 2% failed in flex 
21% 1% 
140% 28%, 11% 
150% y 62% 3% 
160% | 46% 71% 


>100 000% 
<25% 
failed in flex 
<25% 


| 
| 





* Relative to unmodified FEP — flexural modulus comparison covers range of —54 to +200 C; tensile modulus covers range of 23 to 100 C. 
t Relative to unmodified FEP — measured by accelerated aging test involving fexed sample. 
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fibers allows for already high mechanical and flame- 
resistant properties to be enhanced. The following para- 
graphs will in some measure report on the newer tech- 
nology in phenolics. 

The sisal-filled phenolics are gaining good acceptance 
as a replacement for rag-stock materials and certain 
polyester-glass premix compounds. This is an inexpen- 
sive material that may be molded at low pressures. 

The glass-filled phenolics are gaining new acceptance. 
A modified phenolic (Fiberite 4035 natural) with glass- 
fiber reinforcement is performing well in critical appli- 
cations that require high dimensional stability, minimum 
thermal expansion differential, high strength, and heat 
stability. 

A new 2-stage mineral-and-flock-filled molding com- 
pound (General Electric 12933) exhibits improved arc 
resistance and dimensional stability, good heat resistance, 
and excellent electrical properties. 

Nylon fiber or fabric and phenolic combinations ex- 
hibit a low modulus of elasticity, with outstanding wear 
resistance and resistance to abrasion. A nylon-flock-filled 
2-step phenolic molding material (Roger RX725) is par- 
ticularly suitable for mechanical applications such as 
gears and bearings. 

GE12920 is a wood-flour-filled 2-stage phenolic mold- 
ing compound. It allows for molding of high-quality 
parts over a broad range of molding applications, while 
using minimum cure cycles. Deep-draw parts of complex 
design having both thin and thick sections may be molded. 


Polyamides 


The best known of the polyamides is nylon. Nylon is 
not a single material, but a class of synthetic thermo- 
plastic polymers. The detailed properties of nylon de- 
pend on the particular compound. In general, nylons 
have high strength, toughness and abrasion resistance. 
However, water absorption is comparatively high and 
damp atmospheres have an adverse effect on properties 
(Fig. 10), although drying will return original proper- 
ties. Both absorbed moisture and temperature reduce the 
modulus and tensile strength, increasing flexibility. Ny- 
lon’s high mechanical strength and toughness impart a 
high impact strength to the fabricated design. Under 
moderate rates of loading, it extends and cold-draws 
when the yield stress is exceeded. 

There are four basic types of nylon being manu- 
factured currently: these are designated 66, 610, 6 and 
11. These designations stem from the number of carbon 
atoms present in the raw materials of manufacture. The 
“66” and “6” are by far most commouly used because 
of a combination of highly desirable properties. They 
are stiff, strong, tough, light and abrasion resistant. In 
addition, they are self-extinguishing and have a low 
coefficient of friction. These properties, plus excellent 
moldability, yield materials that are mechanically and 
structurally sound. Nylon 66 is harder than nylon 6, 
has greater abrasion resistance, and is more resistant to 
heat. Nylon 6, a relatively newer material, has greater 
impact strength, is more flexible and easier to mold. 

Nylatron GS (Polymer Corporation of Pennsylvania) 
is based on Type 66 nylon, with a carefully controlled 
content of molybdenum disulfide filler. It has many 
properties reported as superior to standard nylon. These 
include greater wear and heat resistance, strength, di- 
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Fig. 10—Yield point of Zytel 101 vs temperature and moisture 
content. (Source: Du Pont.) 


mensional stability and greatly increased resistance to 
cold flow. The material can be molded in thin sections 
without jeopardizing the rigidity of the molded part. 

Nylasint parts (also Polymer Corp.) are formed by 
cold pressing and sintering crystalline nylon powders 
alloyed with inorganic additives. Superior mechanical 
and thermal properties are obtained. The production 
techniques resemble those of powder metallurgy, in con- 
trast to Nylatron (see preceding paragraph). Self-lubri- 
cating properties may be built in by controlling porosity 
for retention of substantial quantities of oil. Filler ma- 
terials already tested include molybdenum disulfide (high 
wear resistance and low frictional characteristics) , graph- 
ite (high dimensional stability and and low thermal and 
hygroscopic expansion), and zirconium silicate (high 
wear resistance). 


Polycarbonates 


Polycarbonates are new and important plastics ma- 
terials. Combining high structural and mechanical prop- 
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Fig. 11—Total deformation of Lexan resin in tension (50 per 
cent RH and 73 F). Note: Points indicated on ordinate show the 
initial strain for curves (1) through (4), which represent stress 
levels of 34, 38.3, 44 and 49.6 per cent of the tensile yield 
strength at 73 F. (Source: General Electric Co.) 
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Fig. 12—Total deformation of Lexan resin in tension (at 212 F). 
Note: points indicated on ordinate show the initial strain for 
curves (1) through (4), which represent stress levels of 11.5, 23, 
46 and 57.5 per cent of the tensile yield strength at 212 F. 
(Source: General Electric Co.) 


perties, they symbolize the introduction of new materials 
for both normal and extreme environmental conditions. 
This is an entirely new family of thermoplastics which 
takes its name from the carbonate linkage joining the 
organic units in the polymer. 

Lexan molding compound is a polycarbonate resin de- 
veloped by the General Electric Company. Its unusual 
chemical composition offers a combination of toughness 
and heat stability not hitherto found in thermoplastic 
materials. It is characterized by high impact strength 
(over 12 ft-lb/in. of notch), excellent dimensional sta- 
bility (low water absorption, heat distortion point at 
280-290 F), high heat resistance (300 F), good electrical 
properties, and self-extinguishing characteristics. Addi- 
tionally, wear resistance is very high. The resin is very 
resistant to cold flow and its dimensional recovery after 
removal of an applied load is good. Figures 11 and 12 
illustrate deformation observed at 73 and 212 F at vari- 
ous stress levels. 

Merlon is the trade name for a polycarbonate resin 
made by Mobay Products Company. This thermoplastic 
resin is a linear aromatic polyester of carbonic acid. 
Characteristic of polycarbonates, it shows high me- 
chanical strength, good electrical properties, high di- 
mensional stability, high heat stability, and low creep. 


Polyesters 


Polyesters are made up of a large family of widely 
different polymers, generally formed in two steps from a 
dibasic acid and a dihydric alcohol. The first step is 
condensation; in the second, or curing, step, the polymer 
crosslinks to form a thermosetting resin. 

These materials may be said to comprise two major 
divisions: straight alkyd molding compounds and pre- 
mix compounds containing polyester resins. (The former 
have already been treated in this article and the latter 
will now be discussed briefly.) 

Premix molding compounds are all made by mixing 
three basic ingredients: a reinforcing material (usually 
chopped glass fiber), a resin (polyester) and inert filler 


68 


materials (usually fine organic powders). In premix 
molding, the function of the resin is to carry the rein- 
forcement to all parts of the mold. In general, the higher 
its viscosity, the better the resin will perform this funo- 
tion. Several mineral fillers are satisfactory for use in 
premix, including clay, ground limestone, gypsum and 
talc. Chopped glass fiber is the most widely used rein- 
forcing material. Other materials such as sisal and as- 
bestos are of interest for special applications. 

All glass premixes tend to subdivide into two general 
classifications: high-filler mixes (over 50 per cent filler) 
and high-glass mixes (over 20 per cent glass). The high- 
filler mixes have lower strength properties but tend to 
have excellent dimensional stability. The high-glass com- 
pounds exhibit outstanding physical properties when 
compared to other plastics molding compounds. Recent 
developments also indicate progress toward incorpora- 
tion of self-extinguishing characteristics. 

For applications requiring increased impact strength, 
but no greater flexural strength than that imparted by 
the resin, sisal fibers may be used. The maximum loading 
with sisal is about 20 per cent. However, the fibers do 
not appear to wet as well as glass and a noticeable straw- 
like pattern develops on the molded surface. Sisal should 
not be considered for applications in which water ab- 
sorption is critical, since it absorbs much more water 
than does glass. 

There is, of course, a great deal of special molding 
know-how and technique necessary for application of 
these materials. The design engineer should be familiar 
with the techniques involved; how they can best be used 
to obtain the desired end properties within the configura- 
tion and size limits available; and where these techniques 
set up design limitations. Such information can best be 
obtained from experienced custom molders or suppliers 
of premix compounds. 


Polypropylene 


Polypropylene is the newest of the thermoplastic resins. 
It has a high softening temperature, maintaining its ten- 
sile strength and rigidity at high temperatures. Molded 
parts retain their shapes at 300 F under no load. 

It has a lower density than any other commercial mold- 
ing compound with a high strength-to-weight ratio. It 
can be readily fabricated by injection molding, extru- 
sion, blowing, or vacuum forming in standard equipment 
to yield parts that are rigid, tough and hard. 

One advantage of low density is that the extra unit 
yield per pound of material provides significant cost 
savings over other materials in the same price-property 
range. The other advantage of low density is that of 
weight saving, which is accompanied by high strength. 
The high impact and tensile strength, rigidity and hard- 
ness point up the high strength-to-weight relationship. 

General-purpose Pro-fax (Hercules Powder Co.) re- 
tains its strength and flexibility after long periods of 
aging under normal conditions. Pro-fax 6512 contains 
special stabilizers for protection against prolonged or 
continuous use at high temperatures. Other polypropylene 
materials producers include Enjay Co., Avisun Corp., 
and Montecatini. 


Styrenes 


Styrene polymers and copolymers embrace a wide 
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variety of materials and properties. Generally, styrene 
compounds fall into one or more of the following cate- 
gories: general purpose, heat-resistant, medium impact, 
high impact, glass-reinforced, or expandable. 

General-purpose materials are characterized by high 
clarity, rigidity and moldability. Materials in this cate- 
gory are defined by their ease of flow in molding. 

The heat-resistant materials have low percentages 
of heat distortion. High-heat-distortion compounds have 
deflection temperatures around 220 F for annealed in- 
jection-molded specimens. However, moldability, specifi- 
cally ease of flow in molding, varies inversely with heat- 
distortion temperatures. Therefore, medium-high heat 
distortion materials are preferable where improved heat 
resistance plus good moldability are desired. 

Glass-reinforced polystyrene yields strong, rigid, di- 
mensionally stable designs. Usually these materials con- 
tain approximately 35 per cent glass by weight. These 
compounds have high heat-distortion temperatures, high 
tensile strengths, and low mold shrinkage. 

Pelaspan (Dow Chemical Co.) is a cellular material 
for foaming-in-place applications. This expandable poly- 
styrene is available as small beads containing an expand- 
ing agent. When the beads are confined in a retaining 
mold and heated, they expand and knit together to form 
a unicellular, rigid foam. Physical properties depend 
upon density and quality of molding. Compressive, 
flexural and tensile strength vary directly with density. 
Heat-distortion temperature of the expanded material 
varies directly with aging and inversely with density. 


Urethane 


The polyurethanes are isocyanate-based polymers. They 
may be molded as foams, ranging from flexible to rigid, 
or as straight molding compounds. These materials are 
tough, shock-resistant, and possess excellent adhesion 
qualities. 

Rigid urethane foams are of interest because of their 
ability to be foamed in place, to adhere tenaciously to 
a wide variety of surfaces without a separate bonding 
agent, and to support high compressive loads relative to 
their weight. 

Parts made with isocyanates generally become un- 
serviceable between 200 and 250 F or below. This lack 
of heat resistance may result in shrinkage and severe 
distortion at high temperatures, or the foams may soften, 
lose their strength, and even decompose. 

Numerous efforts have been made to improve heat re- 
sistance of urethane foams. One of the more promising 
involves chemical modification of tolylene diisocyanate 
by pre-reacting it with a triol to yield a complex tri- 
isocyanate. This complex triisocyanate is then foamed 
with a suitable polyester or polyether in a conventional 
manner. In this way, maximum service temperatures have 
been increased up to 300 F, with tolerably high strength 
properties. 


Conclusion 


This review has concentrated on the structural and 
mechanical properties of plastics molding materials. The 
authors have endeavored to cover all materials that can 
logically be placed in such a category. Obviously, there 
may have been some inadvertent omissions, if for no 
other reason than that there are hundreds of molding 
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materials and compounds available. In certain instances 
(for example, in the case of silicones and polyethylene) , 
omissions have been made on the specific grounds that 
the given material has significant properties primarily 
in the non-structural area. Since this review is only the 
first of a series of articles, each to be devoted to a specific 
functional property, materials not reviewed here will be 
treated fully in an appropriate future article. ooo 
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APPENDIX: Manufacturers of Fiber-Glass-Reinforced Molding 

Compounds* 

Alkyd: Allied Chemical Corp., Plastics & Coal Chemical Div.; 
Glaskyd, Inc. 

Diallyl Phthalate: Acme Resin Corp.; Durez Plastics Div., Hooker 
Chemical Co.; Food Machinery & Chemical Corp., Chemicals & 
Plastics Div.; Mesa Plastics Co.; Rogers Corp. 

Epoxy: American-Marietta Co., Adhesive, Resin & Chemical Div.; 
Fiberite Corp. 

Fluorocarbon: Davies Nitrate; Liquid Nitrogen Processing Corp. 

Melamine-Formaldehyde: American Cyanamid Co.; Fiberite Corp. 

Nylon: Belding Cortecelli Industries; Fiberfil, Inc. 


Phenol-Formaldehyde: Durez Plastics Div., Hooker Chemical Co.; 
Fiberite Corp.; Rogers Corp.; U. S. Polymeric Chemical Co. 


Polyester: Allied Chemical Corp., Plastics & Coal Chemicals Div.; 
Atlas Powder Co.; Cordo Molding Products, Inc.; Flexfirm 
Products; Glaskyd Inec.; Glastic Corp.; Loven Chemical of 
California; Mesa Plastics Co.; Narmco Resins & Coatings Co.; 
Plumb Chemical Corp.; Sherwin-Williams Co.; Woodall In- 


dustries, Inc. 
Polystyrene: Fiberfil, Inc. 


Silicone: Dow-Corning Corp.; General Electric Co.; Narmco 
Resins & Coatings Co. 


*This list is as complete as available information makes possible. Omission, 
due to inadvertence or to new companies in the field, may occur. 
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Materials and Techniques for 


Resin-Encapsulated Missile Circuits 


Immunity to vibration and shock, savings in space and weight, and satis- 


factory electrical characteristics are the 


essential requirements. Good 


thermal dissipation is another. This report summarizes unit design para- 


meters, materials selection problems, processing and application methods, 


and experimental results encountered in two types of British missiles.* 


IT HAS BEEN generally accepted that the use of the heavy 
metal chassis, brackets and insulating posts of conven- 
tional electronic design is impracticable as a means of 
supporting component assemblies in missile electronic 
systems. Resin potting or encapsulation has been found 
to provide a satisfactory method for the production of 
self-contained, rigid and moisture-sealed circuit units 


able to resist the severe vibrational environments. A con- 
siderable saving in weight and space is also achieved. 

The application of this method to the protection of 
circuit assemblies in two British missiles is described 
here. The report gives a description of the overall design 
considerations, the materials used, and the application 
techniques. 


1— Foam-Resin Potted Circuits in an Air-to-Air Missile 


Foam-in-place potting resins have been used to advan- 
tage in the design of the electronic system of the British 
Firestreak air-to-air missile. The component assembly 
is mounted in a thin aluminum-copper alloy? can and a 
rigid light-weight mechanical support is obtained when 
the injected resin compound foams and sets. A small 
quantity of a standard cast-resin compound is used for 
moisture-sealing purposes. Two types of foamed-in-place 
constructions have been used: (a) a resin-foam sandwich 
type; and (b) a solid-foam type. The foam reaction is 
obtained by a mixture of an alkyd resint with toluene 
* Firestreak is an infrared homing air-to-air missile for the Royal Air Force and 
Royal Navy. Sea Slug is a beam-riding anti-aircraft missile system for use in 
large surface ships of the Royal Navy 


i Dural 
T Sebalkyd A, manufactured in England by Scott Bader. The foam product is 


identified as Sebalkyd. 


70 


di-isocyanate catalyzed by anhydrous sodium acetate and 
aluminum oxide. Densities from 6 lb/cu ft to 30 lb/cu ft 
can be obtained. For a 10 lb/cu ft density, the foam has 
a compressive strength of 200 psi when fully cured at 
120 C. Usual cure temperatures, however, do not exceed 
60 to 70 C, but even at these temperatures a good struc- 
tural foam with adequate strength may be produced. 

Since the viscosities of the ingredients are quite dif- 
ferent (very high for the resin, very low for the isocy- 
anate) careful mixing by hand for about 10 min is 
necessary to obtain a homogeneous solution. The catalyst 
is then added and the mixing is continued in a mechanical 
mixer for about 1 min. At this point the reaction will 
begin to speed up, carbon dioxide will be liberated, and 
the foam will begin to rise. 
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If the foam is to be used in its liquid state, it should 
be quickly transferred to a syringe and, with extreme 
care, squirted into the mold so that it can set without 
delay. 

A better method is to use a dry semi-cured foam. This 
material can be obtained by spreading a partially re- 
acted foam quickly over a tray held at a low temperature 
by means of “dry ice.” The foaming action is arrested im- 
mediately. After about 10 min the foam becomes com- 
pletely rigid and may be ground up into a powder with 
a cooled pestle and mortar. 

In this form, the foam can be stored for up to 2 months 
with no deterioration. When required for use, the neces- 
sary quantity of the powder is poured into the unit to 
be potted through a 14-in. diam hole in the side of the 
can. A gentle shaking of the can will effectively distrib- 
ute the powder. The entire unit is left at room tempera- 
ture until the powder thaws out and the isocyanate-alkyd 
foaming reaction is resumed. Cure at 60 C may follow 
immediately, or the resumed foaming reaction may be 
allowed to continue at room temperature for a given 
period. The structure of the foam will be controlled to 
some extent by the rate of cure. Immediate cure at 60 C 
will tend to produce a foam of coarser structure. 

If a high structural strength is required, it is neces- 
sary to prevent the presence of excessive moisture in the 
semi-reacted powder. The tray onto which the partially 
reacted liquid is poured must be carefully wiped free of 
frost. Figure I-1 shows the adverse effect of moisture on 
compressive strength; it will be noted that about 6 per 
cent by weight is the maximum permissible content of 
moisture. A chemical explanation for the reduction in 
strength is probably that the isocyanate reacts with any 
moisture condensation present and leaves a deficit for 
the required reaction with the resin. 

The dielectric constant and loss factor of a typical 
isocyanate-alkyd are shown in Fig. I-2. 


_Compressive strength level 
normally achieved 


Ultimate compressive strength, per cent 


Moisture content, per cent 


Fig. I-1— Per cent ultimate compressive strength vs moisture 
content for an isocyanate-reacted alkyd potting foam (10 Ib/cu 
ft density) used in the British Firestreak missile circuits. 
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For operating temperatures up to 150 C, a phenol- 
modified alkyd may be used as a liquid or in powder 
form. The minimum curing temperature is 120 C. Its 
behavior is similar to that of the isocyanate-reacted 
alkyd. 


The two types of foamed-in-place units will now be 


described. 


Resin-Foam Sandwich Construction 


The components are mounted between printed-circuit 
boards separated by threaded, solid metal posts (see 
Fig. I-3). The posts are frequently made longer than 
necessary so as to provide a means for subsequent 
mounting of the unit. 

Tle inside surface of the aluminum alloy can in which 
the assembly is placed is usually grit-blasted to pro- 
vide optimum adhesion conditions. This should be 
done immediately before potting, so as to prevent oxida- 
tion which tends to reduce the adhesive action at the 
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Fig. I-2— Permittivity (dielectric constant) and loss factor for 
the isocyanate-alkyd foam against temperature (frequency, 10° 
cps). 


Printed-circuit board 
Aluminum 
alloy can 


Reservoir 


bine PVC mold 


Fig. 1-3 — Firestreak missile circuit unit assembled in a poly- 
vinylchloride mold ready for sealing with a Thiokol-Araldite 
(epoxy) casting resin. Reservoir arrangement protects against 
overflow and air entrapment. 
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metal-resin interface. The leads project at either end of 
the can. The top and bottom of the can are then sealed 
with a standard casting-resin compound. To avoid 
air entrapment beneath the printed circuit, the can 
with its assembled components is placed in an expend. 
able polyvinyl chloride mold which has an integrally 
built reservoir from which the supply and flow of resin 
can be controlled. (See Fig. I-3.) A notch in the side 
of the can, cut beneath the level of the printed circuit 
board, will divert the course of the resin and prevent 
any overflow and resulting air entrapment. The molds 
are made easily and inexpensively from PVC _ paste. 
using a metal master. 

In this particular application, the use of rigid cast 
ing-resin seals would create difficulties, since complete 
protection against moisture over a wide temperature 
range would be impaired by extreme differences be- 
tween the coefficients of thermal expansion of the can 
and the resin seal. This is a problem particularly at ex 
treme low temperatures. For example, a 4-in. long alum 
inum can with rigid epoxy end seals will show a dif- 
ferential contraction of 0.019 in. at 10 C, sufficiently 
great to break the resin-metal bond. A common solu- 
tion is to add a suitable filler to the resin so as to 
change its thermal coefficient of expansion to match 
that of the metal. However, the amount of filler needed in 
this instance would have increased the viscosity of the 
resin to a completely unworkable level. The second 
approach is to use a flexible casting resin so that the 
contraction stresses will be suitably absorbed. A 40:60 
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Fig. I-4— Drop in volume resistivity with temperature for the 
Thiokol-Araldite compound used for sealing the foam-potted 
unit. 


) 


Fig. 1-5 — Printed-circuit grid used for measuring rate of mois- 
ture transmission of the sealing resin. For testing purposes, the 
grid is encapsulated with the resin before being cycled in a 
humidity chamber. 
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mixture of an elastomeric compound (Thiokol LP3)* 
with an epoxy resin (Araldite D)t provided sufficient 
flexibility to maintain a 100 per cent seal at -40 C. 

The solution of the sealing problem, however, intro- 
duced another problem: heavily plasticized resins exhibit 
rather sharp decreases in electrical properties at ele- 
vated temperatures. Figure 1-4 shows how the volume 
resistivity of the Thiokol-Araldite mixture compound 
varies with temperature. With due attention to certain 
design considerations, the effects of this problem can be 
minimized. 

Moisture transmission characteristics of the resin 
present still another problem. The word transmission 
is emphasized, since in the design of potted or encap- 
sulated electronic units, the primary consideration is 
the actual effect of moisture on the components, rather 
than the conventional water-absorption value for a giv- 
en resin in terms of percentage gain in weight. 

To obtain the necessary moisture-transmission data 
for this application, a standardized printed-circuit grid 
(Fig. I-5) was first completely dried and then encap- 
sulated to a specified depth with the resin under test. 
The grid is placed in a humidity chamber and cycled 
at 95 RH between 25 C and 35 C. Insulation resistance 
tests on the Thiokol-Araldite epoxy compound gave the 


following values: 


Days Megohms 


1 X 105 
3X 105 
1 X 10° 
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3X 10 
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At first sight, these values may appear rather un- 
satisfactory, but it must be remembered that a missile 
will be exposed to these extreme conditions only for a 
brief period. Moisture transmission during storage may 
be controlled by suitable packaging. 

The moisture-sealing of the assembly now having 
been accomplished, the next step is to pot the com- 
ponents in the isocyanate-alkyd foam so as to provide 
the required vibration-resistant structure. As previously 
described, two forms of foam are available: the liquid 
and the powder. The latter offers distinct advantages: 


a. the quantity used can be closely controlled, thus mak- 
ing it possible to control the foam density 

b. a better distribution of the foam can be obtained, there- 
by minimizing the risk of leaving any unfoamed spaces 

». there is less toxic risk and other handling hazard to 
the operator, and 

. the foam may be checked for correct mixing prior 
to its introduction to the unit. 


The foam is allowed to expand freely to prevent any 
undue stress on the end seals. A density of about 6 
lb/cu ft is usually optimum. 

The operation is completed by trimming off any 
surplus foam from the filling hole and sealing it with 
some partially jelled Thiokol-Araldite. A simple but 
effective test for a sealed and potted unit is to immerse 
it in oil and then place it under a vacuum. The com- 
mon phenomenon of a stream of bubbles would dis- 
close any source of leakage. 


*A product of the Thiokol Corporation. 
tA product of the Ciba Company. 
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Solid-Foam Construction 


This form of construction is essentially foam encap- 
sulation or embedment of the entire component assem- 
bly. It is not as robust as the construction previously 
described, which is a potted unit within a permanent 
can. In the solid-foam construction the components, 
mounting posts, and other elements of the unit are 
assembled within a non-integral metal mold and are 
completely encapsulated within the foamed resin. Since 
this form of construction is frequently self-supporting, 
a higher-density foam is needed; 20 to 30 lb/cu ft appears 
to be a suitable value. 

Obviously some protection is needed for the exposed 
porous surface of the foam. The following quick and 
simple method has been successfully applied; prior to 
the foaming operation, the interior of the mold is coat- 
ed with an epoxy resin which is then partially cured. 
The foaming is then carried out against this partially 
cured epoxy coat, which becomes transferred to the 
foamed assembly. Since the epoxy coating is only a 
few thousandths of an inch thick, there is no danger 
of exposing the assembly to any mechanical stress. 


Design Considerations 


Several design procedures must be carefully observed 
in order to take full advantage of foam-resin protection 
for missile circuit units: 


1. Components should be spaced by at least ¥g in. in 
order to leave a free path for the expanding foam. Occa- 
sionally it has been found of some advantage to position 
small ventilation holes at strategic points in the side of 
the can to prevent air being trapped by the expanding 
foam. Any screening which is required within the block 
should be made from wide-mesh gauze. 


2. The filling holes should be placed where the concen- 
tration of components is least, otherwise the first grains of 
powder will start to foam against a relatively warm com- 
ponent and seal off the entrance before the required quantity 
can be administered. 


3. It is not advisable to pot components that dissipate 
a large amount of heat. The thermal conductivity of iso- 
cyanate-reacted alkyd foam is about 1.09 « 10-* cal/sec/- 
cm/deg C at a density of 16 lb/cu ft. 


Provided that these precautions are fully observed, 
it should be possible to support satisfactorily all the 
missile electronic circuit components within the vibra- 
tional requirements of the applicable specifications. It 
is difficult to estimate the weight saving in the Fire- 
streak missile as a result of the foam-resin potting and 
encapsulation method described here, but a comparison 
of the relative specific gravities of the standard epoxy 
casting resins (1.2) and that of the freely foamed iso- 
cyanate-reacted alkyd (0.1) makes it obvious that the 
saving must be considerable. 


li — Resin Encapsulation of Experimental Guidance 


Equipment in Ship-to-Air Missile 


An over-riding requirement for the British Sea 
Slug ship-to-air missile was that its overall dimensions 
be kept to a minimum in order to facilitate storage 
and handling aboard ships. Immunity against shock and 
vibration was obviously another paramount design 
consideration. Preliminary experiments indicated that 
simple electrical devices, resistors, capacitors and semi- 
conductor diodes would resist extreme conditions, pro- 
vided they were properly protected against flexing. 
Because of this requirement ana the tendency to mi- 
crophony in electron tubes, it was necessary to stipulate 
that there should be no high-Q, low-frequency reson- 
ances in the assembly supporting structure. 

The complete assembly had to have as high a relia- 
bility as was practicable with the components available, 
in order to cut maintenance requirements to the bare 
minimum. The assembly also was required to with- 
stand short periods of exposure to the most adverse 
climatic conditions. 


The Unit “Framework” 


Resins were involved not only in the selection of 
the encapsulating compounds, but also in the design 
of a standard framework for the support of the various 
components, tubes and interconnections. It was neces- 
sary that the framework be minimum in size and space 
so that it should not impede resin flow. 

An arrangement of two phenolic moldings connected 
by conducting rods was used as shown in Fig. II-1. 
These rods serve as external connections and also as 
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interconnections between the upper and lower mold- 
ings. The upper molding has recesses for the ends of 
subminiature tubes and adjacent pins to serve as anchor 
points for tube leads. Eyelets are provided for the term- 
ination of two rows of components. The lower molding 
has short pins for the other end of the component leads. 
Both moldings carry locations to mate with the casting 


Fig. II-1— Framework or “skeleton” for a Sea Slug missile 
encapsulated circuit unit consists of two phenolic moldings com- 
plete with connecting rods, component eyelets and tube ter- 
minations, 
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Fig. 11-2-—— Framework of missile unit complete with compo- 
nents and tubes ready for pre-encapsulation tests. 


mold and they also serve as a scaffold for the inter- 
connecting wires. The resulting assembly (see Fig. 
11-2) is accessible for test and repair until it is cast. 
Tube changes can be made at any time. 

The shape of the block is a compromise between 
“chunkiness” to give mechanical rigidity and a flat 
plate for good accessibility. The thickness is limited to 
the depth of two components, one layer on each side 
of the connecting rods. This means that the volume 
of components per tube is quite small and circuits had 


to be designed with this factor in mind. 


The Production Technique 


To make sure that the complete assembly would fit 
correctly in the casting mold, all assembly and wiring 
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Fig. 11-3 —- Circuit unit partly assembled into the casting mold 
showing the screws that locate the lower phenolic molding. 


operations were carried out with the unit supported 
in a jig with locating pieces to match the molds. The 
components are strung loosely between the upper and 
lower moldings and interconnections are made with No. 
26 SWG tinned copper wire in silicone-rubber sleeving. 
The complete unit is tested functionally before being pre- 
pared for casting (see Fig. II-3). 

Encapsulation is carried out with metal molds prepared 
with a silicone release agent. To avoid accidental con- 
tamination of tube envelopes by the flowing resin, they 
are protected with a sleeve of PVC tubing greased with 
a silicone oil. Potentiometers are protected by polyethylene 
cups wedged into the mold plates with a tapered plug. 

The resin system was chosen for simplicity of use and 
ability to meet the requirements of reasonable thermal 
conductivity and to withstand the temperature range. Un- 
der the head of simplicity of use a resin was chosen which 
had: 


a. low viscosity to enable it to be poured into fairly 
complex units 


. a reasonable pot life 


». a short curing schedule (permitting two cycles per 
working day under controlled conditions) 


d. a low exotherm, and 
e. moderate toxicity. 


The initial experimental work indicated that Shell’s 
Epicote 828 epoxy resin* and K61B hardener with the 
addition of 25 per cent silica flour met these require- 
ments reasonably well. 

A vacuum pouring system was not employed, but the 
resin mix was evacuated before pouring; by this means 
void-free castings were made. To insure adequate fluidity 
of the resin, the assembled unit in its mold and the 
mixed resin were warmed to 65 C. The units were then 
cured for 3 hr at 65 C. A complete cast unit is shown 


in Fig. II-4. 


*In the U.S.A., the equivalent is Shell Chemical Company's Epon resins. 
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Fig. Il-4-—- Complete resin-encapsulated unit; note how all the 
components (other than tubes) are cast in a separate block. 


Heat dissipation for the tubes is provided by inserting 
them into a metal heat exchanger cooled by ducted air. 
(See Fig. II-5.) The same illustration shows how the 
encapsulated component block is cooled by conduction 
through its base which is clamped against a cool metal 
face. 


Experimental Results 


Studies were made of the reliability of various types 
of components under encapsulation conditions. Certain 
components were prone to failure owing to the nature of 
their protective coatings or impregnants. In one instance 
it was found that silicone varnish coatings were not 
satisfactory since they showed a tendency to soften or 
to become detached during the encapsulating process, 
leaving the uncoated component vulnerable to subsequent 
resin thermal stresses. Failures in another category of 
components could be traced to a wax impregnation used 
to fill internal voids. Apparently some loss of wax oc- 
curred during casting, followed by ingress of resin into 
the interior of the component and eventual damage. On 
the whole, epoxy-sealed or coated components gave the 
most satisfactory results. 

Length was found to be a parameter in component 
reliability, with the advantage going to the shorter ele- 
ments. Several other factors, not directly traceable to 
materials, were involved in component failure, among 
them casting imperfections. The general conclusion was 
that if the components used were limited to the “pre- 
ferred” type, a component failure rate per “service life” 
of less than 1 in 10,000 could be reasonably expected. 


Future Designs 


The experimental construction described here was 
found to have certain objectionable details. The molded 
recess for the base of the subminiature tubes tended 
to shift slightly under excessive shock with the risk of 
fracturing tube envelopes. Silicone-rubber sleeving for 
the wiring connection was easily pierced during produc- 
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Fig. [1-5 — Details showing how a completed unit is mounted 
for optimum heat removal. 


Fig. II-6— An experimental cast unit based on the original 
design but using printed wiring for component interconnections. 


tion with danger of intermittent shorts. A printed-wire 
design intended to eliminate this particular hazard is 
shown in Fig. II-6. 

The phenolic moldings for the framework gave trouble 
with poor insulation resistance between the molded inserts 
that serve as connection pins. Panels made from epoxy- 
glass laminates were tried. Electrically, these were su- 
perior, but high mechanical rigidity tended to produce 
cracking under ambient thermal changes. Finally, the 
small component volume per tube now available is a 
design restriction, and a somewhat deeper cast-resin 
block would be an advantage. 

Despite these experimental difficulties, the application 
of the basic resin-encapsulation design principles de- 
scribed here should result in equipment entirely satisfac- 
tory for service under conditions encountered in the 
operation of a ship-to-air missile such as the Sea Slug. 

Oo0o°o 
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Magnetic Core Materials 
For Extreme Environments 


An evaluation of magnetic materials for transformers operat- 


ing at elevated temperatures (600 C) and for nuclear radia- 


tion environment. This report is the third in a series summariz- 


ing research and development work on transformer materials 
by the Air Force, Bureau of Ships and the British Royal Radar 


Establishment. 


THE OPERATION OF magnetic materials at elevated tem- 
peratures presents less difficulty than the construction 
of practical windings in a transformer. However, funda- 
mental limitations do have a great effect on choice of 
core materials for extreme environments. Magnetic 
properties are lost when the Curie temperature is reached. 
Curie points for some magnetic alloys are shown in Table 
I. The saturation flux density falls as the Curie point is 
approached. The general relationship between saturation 
value and temperature may be shown as follows: 


Je J;/Jo 
“* = tanh 
To anh T/0 
where 

J, = saturation intensity of magnetization 

Jo = saturation at 0 deg K 

J,/Jo = relative saturation magnetization 

T = absolute temperature, deg K 

6 = Curie temperature (absolute) 

The above relation has been plotted for grain-oriented 
silicon-iron (Fig. 1). To maintain a high value of 
saturation flux density, a material such as this with a 
high Curie point must be chosen. (1) * 

Of the materials listed in Table I (2, 3), grain-oriented 
silicon-iron is readily available in lamination or strip 


refer to Cited References at end of article 


* Italic numerals in parenth 


This is the third in a series of articles on transformer 
materials for service in extreme temperature and 
nuclear radiation environments. Next article in the 
series will deal with 


Transformer Structural Materials 


The entire series will be made available in combined 
reprint form. 


form and has the advantage that, due to its silicon con- 
tent. it can be treated by the phosphate process which 
gives an insulating coating suitable for high-temperature 
operation. 

As a direct outcome of decreasing flux density with 
rise in temperature, magnetizing current increases con- 
siderably at high value of flux density (Fig. 2). For 
grain-oriented silicon-iron this means that, for practical 


Saturation flux density, kilogauss 





200 300 400 500 600 700 800 
Temperature, deg C 


0 100 


Fig. 1—Saturation flux density vs temperature for grain- 
oriented silicon steel. (1) 
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Table 1—Feasibility of Operation of Soft Magnetic Materials at 500 C 


Curie 
temper- 
ature, Comment on operation 
Material at 500 C ambient 
Silicon-Iron 2 Si 
4 Si 
8 Si 
11 Si 


Usable, subject to degra- 
dation of properties 


50 Co, 3 Mn 
(Permendur) 

49 Co,2 V 
(2 V Permendur) 


Usable when parts not 
subject to irradiation 


49 Co, 2 V (Super 
Permendur, 
special heat treat) Usable for magnetic amp- 
lifiers, where mainte- 
nance not needed in 
application subject to 
irradiation 


Nickel-Iron 
65 Ni (65 Permalloy) Usable, highly strain sen- 
sitive, should be cer- 
amic cased 

May have limited applica- 
tion where there is no 


temperature rise 


79 Ni (Permalloy) 


70 Ni, 7 Co (7-70 Perm- 
invar) 





Cobalt may limit use 


design purposes, the maximum core temperature must 
be limited to 500 C at a working flux density of 12,000 
gauss and an allowable excitation 50 per cent in excess 


of that at normal temperatures. (J) 
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re 


9500 
Gauss 
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NCH 


D> 
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300 400 500 600 
Temperature, deg C 
Fig. 2 — Excitation vs temperature at 400 cps for 0.010-in. grain- 


oriented silicon-iron laminations. (1) 
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Comment on operation 
at 500 C ambient 


45 Ni, 25 Co (Permin- 
var) 

45 Ni, 25 Co, 7.5 Mo 
(Perminvar) 


Cobalt may limit use 


Higher resistivity at the 
expense of lower Curie 
point 

79 Ni, 4 Mo (modified 
P-alloy) 

79 Ni, 5 Mo (Supermal- 
loy) 

47 Ni, 3 Mo (Monimax) 

43 Ni, 3.25 Si (Sinimax) 

76 Ni, 1.5 Cr, 4 Cu (Mu- 
metal) 

36 Ni (Invar) 

42 Ni 

50 Ni (Deltamax) 


Curie temperature too low 


Must be protected against 
oxidation 

Long half life; may be 
undesirable for radiation 

Curie temperature too low 


Iron 


Cobalt 





Nickel 
15 Al, 3.3 Mo (Ther- 


menol) Curie temperature too low 


Source: Cited References (2, 3) 


The other major effect of increasing temperature is 
to raise the electrical resistivity of the core material, 
resulting in lower eddy currents and therefore lower 
core loss (Fig. 3). 
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Fig. 3 — Core loss vs temperature at 400 cps for 0.010-in. grain- 


oriented silicon-iron laminations. (1) 
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Elevated-Temperature Operation (600 C) 


Exploratory studies on ultrahigh-temperature magnetic 
cores for inductive components have been conducted 
under the direction of the Air Force. (4) These studies 
were based on the premise that changes in electrical 
properties of transformer cores are due to thermal 
cycling and aging at 600 C. 

Cores tested were of several types: two sizes of punch- 
ings (EI-75 and EIJ-125) and four types of materials 
(cobalt-iron, nonoriented silicon-steel, oriented silicon- 
steel and low-carbon steel). Electrical tests were per- 
formed using 60, 400 and 2000 cycles at various flux 
densities. 

Electrical properties of the cores deteriorated con- 
siderably during aging at 600 C for 600 hr. This de- 
terioration, however, was not severe enough to preclude 
the use of these cores in ultrahigh-temperature transform- 
ers. Representative graphs of test results are shown in 
Figs. 4 through 7. 

Thermal cycling from room temperature to —65 C, 
back to room temperature, then to 600 C and back to 
room temperature caused small changes in core charac- 
teristics. In a few cores, the exciting current and core 
loss increased as much as 20 per cent after cycling. 
However, in other cores, the loss and exciting current 
decreased slightly after temperature cycling. The effect 
of aging at 600 C on cores which had previously been 
cycled was the same as the effect of aging on cores 
that had not been cycled before aging. 

Aging at 600 C for 600 hr caused considerable de- 
terioration in the cores, as indicated by the large increase 
in exciting current and core loss measured at room tem- 
perature after aging. The loss at 600 C did not increase 
as much with aging as did the loss at room temperature 
after aging; and in no instance was the loss at 600 C 
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Fig. 5 — Temperature cycling volt-amperes vs temperature for 
4-mil oriented silicon-steel (EI-75 punchings) operating at 60 
cycles. (4) 
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oriented silicon-steel (EI-75 punchings) operating at 60 cycles. 


(4) 


after aging for 600 hr more than the loss at room tem- 
perature before aging. 

The loss at the highest operating temperature is the 
loss that limits the design of a transformer; thus, these 
cores are usable in transformers designed to operate 
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Fig. 6— Heat-aging flux density vs permeability for 4-mil 
oriented silicon-steel (EI-125 punchings). H,_, = 0 oersteds. (4) 


ELECTRICAL MANUFACTURING 





i) 
°o 
o 
o 


Permeobility 


—— 60 Cycles 
—-— 400 Cycles 


H4-c= 
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Fig. 7 — Heat-aging flux density vs permeability for 4-mil ori- 
ented silicon-steel (EI-125 punchings). Hj_. = 0.108 oersted. (4) 


at 600 C for 600 hr. The average effects of composition, 
size and shape of the materials used on deterioration of 
the cores due to aging are shown in Table II. The aver- 
age loss and exciting currents at high flux density at 600 
C after 600 hr of aging are compared to room-tempera- 
ture values before aging in Table III. 

Results of this program (4) show that, with the ex- 
ception of low-carbon steel, these cores can be used in 
ultrahigh-temperature transformers if the operating flux 
density is limited to 10 kilogauss. For applications where 
nuclear radiation is not a problem, cobalt-iron shows 
promise for use as an ultrahigh-temperature core material. 


High Temperature (500 C) and 
Nuclear Radiation Environments 


Military groups, General Electric Company, Westing- 
house Electric Corporation, and Raytheon Company, 
have under development components and accessory parts 
for electronic equipment destined for ultrahigh-tem- 
perature and intense nuclear radiation environments. 
(4, 5, 6, 7, 8, 9) 

The ultimate objective of an Air Force study by 
General Electric (5, 8, 9) is to accumulate sufficient 
knowledge by analyses and test to lead to the prepara- 
tion of a design practice for the manufacture of elec- 
tronic transformers that are inherently tolerant of a 
500 C ambient temperature, high nuclear radiation fields, 
and adverse mechanical environments. 

Transformer electrical ratings were selected for 400 
cps, a maximum of 1500 volts rms, and 1 kva output. 
Goal for operating life was 1000 hr. The environmental 
objectives included the major ones of 500 C temperature, 
intense nuclear radiation (up to 10'* fast neutrons and 
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Table ll—Per Cent Increase of Core Loss and 
Exciting Current Due to Aging* 


Increase in 
exciting current, 
per cent 


Increase in 
Core characteristic loss, 
being compared per cent 
| 
Lamination large 
size EI 125 50 80 


small 
EI 75 70 





Lamination thick 50 


thickness thin 


Frequency, 60 
cps 400 
2000 


Material cobalt iron 


nonoriented 
silicon-iron 


oriented 
silicon-iron 


low-carbon 
steel 








Flux density low 


high 


* Measurements at room temperature after aging. 
Source: Cited Reference (4). 


gamma photons/sq cm/sec) and thermal cycling. 

Data on the magnetic properties of silicon-steel did not 
show significant changes from radiation alone or on 
long-time exposure to it. Grain-oriented 3144 per cent 
silicon-steel is applicable for the core of power trans- 
formers, although lower flux densities may have to be 
used. 

From general quality, as well as Curie-temperature 
viewpoints, the most acceptable magnetic material for 
use at 500 C is silicon-steel. Of the varieties of these 
available, the one that has widest use for normal tem- 
perature applications is the 314 per cent grain-oriented 
material, AISI-M6. This material is recommended for 


Table Ili— Average Loss and Exciting 
Currents in Magnetic Materials 


Co- Non- Ori- Low- 
balt- j|oriented| ented | carbon 
Ratios iron steel steel steel 
s:seusictisinincacei tiling acta nips iinet Nivel: Animate 
Loss at 600 Cz after aging; 0.60 0.55 0.73 0.49 
Room - temperature loss 
before aging 


Exciting current at 600 
C after aging 

Room-temperature excit- 
ing current before aging’ 


Source: Cited Reference (4). 





Temperature, deg 


Fig. 8 
temperature for 0.010-in. 344 per cent grain-oriented steel. (8) 


Per cent change of 400-cps core loss as a function of 


500 C power applications. (8) Most nickel steels and 
ferrites have Curie temperatures under 500 C and, there- 
fore, cannot be used. Vanadium Permendur has a high 
Curie temperature and good properties, but has uncer- 
tain processing problems associated with it. Also, its 
large cobalt content places it at a disadvantage for use 
in nuclear radiation environments. A generalized ex- 
amination of the effect of temperature on core loss and 
excitation in grain-oriented silicon-steel is shown in 
Figs. 8 and 9. 

Magnetic properties of this steel are not significantly 
affected by a 1000-hr aging period at 500 C. The proper- 
ties are also not significantly affected by nuclear radia- 
tion of the specified intensities (10'' to 10'* gammas 
and/or fast neutrons/sq cm/sec) or by a 1000-hr aging 
period with the combined 500 C and radiation environ- 
ments. 


Properties of Materials 


The sequential reports on 500-550 C materials(8,9) 
prove some points of conjecture regarding core ma- 
terials. Three major changes in grain-oriented silicon 
steel are caused by exposure to 550 C: (1) the electrical 
resistivity of the metal increases, giving rise to smaller 
eddy currents and lower core loss; (2) the permeability 
increases, causing lower exciting current at densities 
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below 9000 gauss; (3) the saturation flux density de- 
creases, causing higher exciting current at densities above 
10,000 gauss. 

An examination of the magnetization curves of vari- 
ous magnetic materials suggests that the only non-nickel 
materials having high enough induction and permeability 
to be useful as magnetic cores are silicon-iron and pure 
iron. (6) Since the former have already been dealt with, 
the latter will now be discussed. 

Pure iron has two undesirable characteristics; low 
resistivity and extreme sensitivity of magnetic quality 
to impurities. A point in its favor is that an increase in 
resistivity by a factor of about 5 should be expected at 
600 C. However, the production and preservation of 
sufficient purity would seem to be a difficult problem. 

Two alloys of iron and aluminum have been developed 
in recent years that are sufficiently magnetic to be useful 
as magnetic cores. These are 16-Alfenol and 12-Alfenol. 
Despite the excellence of the naturally formed aluminum 
oxide surface for interlamination resistance, both are 
nonmagnetic at 600 C. 

The material 65-Permalloy, a 65 per cent nickel-iron 
alloy exhibiting extremely high permeability and a rec- 
tangular hysteresis loop, remains magnetic at 600 C. 
However, it saturates at a very low induction at that 
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General Electric § 


TV silicone rubber 


New liquid rubber cures without heat, useful from — 70 F to + 600 F, ideal for 


sealing, electrical insulation and flexible molds. 


HEAT RESISTANT SEALING, such as shown on this 
Douglas DC-8 Jetliner, is made possible with RTV 
(room temperature vulcanizing) silicone rubber. RTV 
cures without application of heat; won’t shrink (no sol- 
vents) ; forms no voids. It has excellent bond strength, 
plus resistance to high temperatures, moisture, weather- 


ing, ozone, aircraft fuels and solvents. 


* 2 Hb dearer ; . 

ENCAPSULATION OF STATOR WINDINGS, 
introduced by General Electric motor depart- 
ments, extends service life of motors. RTV’s re- 
sistance to moisture and other contaminants 
enables these dripproof motors to meet certain 
applications formerly requiring enclosed units. 


POTTING OF AIRBORNE EQUIP- 
MENT provides protection from high 
altitude arc-over and corona as well 
as vibration and moisture. RTV 
silicone rubber protects this cath- 
ode ray tube up to 70,000 feet. 


PRECISION MOLDING of proto- LOW-COST TOOLING with flexible 
type and engineering models RTV mold material offers added 
and replacement parts is simpli- savings in time and expense. RTV’s 
fied and improved with RTV flex- “built-in” release agent provides 
ible mold material. G-E RTV’s easy removal of this epoxy coil- 
low shrinkage permits close tol- | winding form from mold. Total cost 
erances and fine surface detail. reduced 81%, delivery time 90%. 


RTV COIL IMPREGNATION enables this 
Hughes Aircraft Co. transformer to pro- 
vide top performance at 250°. Unlike 
other insulations tried, G-E RTV com- 
pounds proved successful both for coil 
impregnation and full encapsulation. 


For application data and samples of General Electric RTV silicone rubber write Section ,514, General Electric Company, 
Silicone Products Department, Waterford, New York 
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“Where can flame-retardance improve your product; 
make it safer...function better...or sell faster?” 


Choose from 11 National Materials—in sheets, tubes, rods, formed shapes, or precision-fabricated parts 


Computers, high-voltage switchgear, home appliances, 
television receivers, radios and radar aircraft and 
missile instrumentation in fact, with any product 
where fire is a potential, flame-retardant laminates pay-off 
in design features and product protection. 

The “‘pay-off’’ comes in protection of lives and expen- 
sive equipment from fire, because these materials are self- 
extinguishing. As barriers, base plates, terminal boards, 
support members, printed circuits—National’s family of 
flame-retardant materials is solving problems of fire contain- 
ment and those involving both fire and electrical insulation. 

Surprisingly, /ow cost is a feature of several of these mate- 
rials. And since they mean more safety and product protec- 
tion for the user, the “‘pay-off'’ also comes in the form of 
added product sales features. 

Write for complete property values on these eleven ma- 
terials, and let us know what your particular problem is. 
If you wish samples and price information, drop us a note 
on your letterhead. National Vulcanized Fibre Co., 
Dept. C-5, Wilmington 99, Delaware. 
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PYRONIL 
X-121 
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XX-326 
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EP-491 


Extinguishi 
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Phenolic 
Polyester 
Polyester 
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Silicone 
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Paper 
Paper 
Paper 
Paper 
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Glass Cloth 
Paper 
1913 
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CHOOSE FROM THESE MATERIALS... 


Vulcanized Fibre: 10 standard grades; 
many special grades. 


PHENoLite® Laminated Plastic: over 80 
standard and modified grades; paper, 
cotton fabric, nylon, asbestos, glass 
fabric, cotton and glass mat bases; 
phenolic, melamine, polyester, epoxy, 
teflon or silicone resins. 


PEERLESS Electrical Insulation: coil, strip, 
corrugated, 


Extruded Nylon: 2 grades; rod, strip, 
pressure tubing, special shapes. 


Polyester Glass Mat: 4 standard sheet 
gtades; custom molded shapes. 


PHenoute Copper-Clad Laminates: 
10 standard grades. 


Combination Materials: Rubber- 
PHENOLITE; Rubber-Fibre; Wood-Fibre; 
Metal-Fibre; Asbestos-Fibre; PEERLESS- 
PHENOLITE. 


BACKED BY THESE SERVICES... 


Field Application Assistance 
Complete Fabricated Parts Service 
Stock Program for Immediate Shipment 


BY CALLING THESE OFFICES... 
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RESEARCH Notes 


Relationship of Metals to Plastics Laminates 


CURRENT TECHNOLOGY OF MATERIALS, 
especially in extreme environments, neces- 
sitates a reappraisal of conventional en- 
gineering materials. New conditions have 
cast these materials in roles radically dif- 
ferent from their traditional ones. For in- 
stance, laminated plastics, once thought of 
primarily as electrical insulation materials, 
are being re-evaluated for structural ap- 
plications. The many combinations of fill- 
ers and resins possible in the manufac- 
ture of laminates extend their range of 
useful properties. In addition, combina- 
tion of laminates with metals to take ad- 
vantage of both materials opens the door 
to a whole new field of possible applica- 
tions. 

Lack of knowledge or confusion about 
engineering data on the part of designers 
who are working with laminates for the 
first time could seriously hinder progress 
in this area. One of the first questions 
asked by designers who have been work- 
ing with metals, for example, is: “How 
do reinforced plastics compare with 
metals?” The answer, of course, is that 
one cannot jump from metals to plastics 
and use the same design criteria. 

Laminates and metals, although frequent- 
ly used in the same or similar applications, 
differ greatly in their properties and in the 
way their properties are commonly pub- 
lished. Property tables for metals usually 
list ultimate tensile strength, yield strength, 
elongation per cent in 2 in., reduction, 
Brinell or Rockwell hardness, Izod impact 
strength, and chemical composition. Plas- 
tics property tables, however, usually list 
mechanical properties such as flexural 
strength, ultimate tensile strength, com- 
pressive strength and Izod impact strength, 
and hardness on the Rockwell M scale. 
Property tables for plastics also include 
electrical properties and water-absorption 
and operating-temperature values. 

The big difference between the two ma- 
terials, from a structura) design standpoint, 
is that metals are ductile and cured plas- 


tics laminates are not. Stress-strain curves 
for metals show a steady rise followed by 
a decline before the break at ultimate 
tensile strength. Those for laminates, how- 
ever, show a steady rise with no decline, 
right up to the break at ultimate tensile 
strength. Designers accustomed to specify- 
ing metal up to the metal’s yield point 
must reorient their thinking when design- 
ing with plastics laminates to design closer 
to the material’s ultimate tensile strength. 
Lacking ductility, laminates do not lose 
their shape, which can occur in metal 
parts when the yield point is exceeded. 

Another point engineers experienced 
with metals must keep in mind is that, 
when designing with laminated plastics, 
the latter materials were originally de- 
signed for electrical applications where 
strength was a minor consideration. Thus, 
strength values have been highly con- 
servative because there was no need for 
higher, more realistic, figures. 

Once the difference between the property 
values for laminates and those for metals 
are completely recognized and taken into 
consideration, the same engineering data 
and the same formulae can be used in 
developing designs from the two materials. 
Hence, the main problem is one of educat- 
ing designers in these differences. De- 
signers new to the field may shy away 
from laminates because of fear of the 
unknown or failures due to improper de- 
signs. Perhaps what is first needed is 
fairly simple and inexpensive test equip- 
ment that will permit testing the materials 
on a broader scale than is now possible. 

While properties of metals and laminates 
can never be made completely comparable, 
they can be better related to facilitate 
the job of designers who work with both 
materials. 


WEBER DE VORE, Director 
Advanced Materials Division 
Taytor Fisre CoMPANY 
Norristown, Pennsylvania 


Breakdown of Gaseous Dielectrics at High Pressures 


IT Is GENERALLY ACCEPTED that the mechan- 
ism of breakdown in gases at low pressures 
is completely described by the Townsend 


* GLOSSARY: 

Electronegative gas: One whose molecules tend 
to attach free electrons to form negative ions. 

Paschen’s Law: For a given gas at pressure p, 
the sparking potential between electrodes separated 
by distance 6 is a function of the product pd 
only. 

Townsend avalanche: A term used in the Town- 
send breakdown theory which is essentially a cas- 
cade multiplication of electrons, In this process 
an electron produces another by collision, and the 
new and original electrons produce still others by 
further collisions, resulting finally in an avalanche 
of electrons. 


mechanism,* and that, as the gas pressure 
is increased, departure from a Townsend 
process will be indicated by a failure of 
Paschen’s Law. The present study was 
undertaken in order to investigate this 
transition region, and the high-pressure 
range in general. Nitrogen gas was select- 
ed for the initial study because of the 
extensive number of low-pressure measure- 
ments that already exist, and also because 
some previous work has been done at high 

pressures. 
The d-c sparking potential of pure nitro- 
(Continued on page 84) 
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gen gas has been measured under uniform 
field conditions in the pressure range 15- 
| 3000 psi (1-200 atm) and at electrode 
separations ranging from 0.25 to 25 mils. 
In order to check the region of appli- 


cability of Paschen’s Law, the observed 
values of sparking potential, V,, have 
been plotted as a function of the product 
of the gas pressure and the electrode 


| separation {pd). This is shown in Fig. 1] 


PERIAL 


# 25-mil gop 
010 7 
o5 

42.5 

ol 


0 
io} 


a ok RMS 


100 1000 

Se 5 [. & & G ie p&,mm Hg x cm 
:% ae £4 ) AEE Fig. 1—The dependence of breakdown 
Circle 131 on Inquiry Card voltage of nitrogen upon pé at various 
. : - gap widths, where p = gas pressure, 6 = 
electrode separation, and V, = sparking 


ee r0tential. 
“SPOOLY’" e yoy: 


/ 


Super-Temp It may be seen that the low-pressure re- 


sults all fall on the common line A. This 
line corresponds to similarity behavior, 


FOR A COMPLETE LINE OF and indicates the region in which break- 


down takes place by means of a Towsend 


Cc mechanism. 
As pé increases, the results begin to fall 


away from line A; the point of departure 

a (which differs for each gap length) corres- 

L ponds to the onset of failure of Paschen’s 

Law. These departures always occur at 

very high field strengths—of the order of 

Any high temperature coaxial cable 200 kv/cem at long gaps. They occur at 
. military or commercial . . . Teflon* even larger fields at the shorter gaps. 
or polyethylene. You design it, or we'll Moreover, there is evidence that the condi- 


nal | Eith tion of the electrode surface becomes 
elp you: Either way, you get it faster critically important at these fields. 


from Super-Temp. The effect of irradiation upon the break- 
down strength of nitrogen, at both high 
ALSO: Miniature Cables, Jumbo Cables, Tapes and low pressures, was also examined. 
Magnet Wire, Airframe Wire, Hook-up Wire Ultraviolet light was found to have a very 
Teflon or Silicone Rubber Insulations 
marked effect upon the results at atmo- 
spheric pressure; for example, upon 
irradiation of the gap with ultraviolet light, 
the average breakdown strength decreases 
°eepessron week Guibies ; by 33 per cent, and the coefficient of varia- 
: tion is reduced by a factor of four from 
in the values measured without irradiation. 
SSave li weve Super-Teoup | vy This indicates that there is considerable 
, statistical time lag at atmospheric pressure 
- ° i when there is no irradiation. At a pressure 
American Super-Temperature Wires, Inc. - of 750 psi, there was no evidence of ap. 
26 West Canal Street, Winooski, Vermont * UNiversity 2-9636- Seaton an ag | preciable statistical time lag, even in the 
General Sales Office: 195 Nassau St., Princeton, N. J. * WAinut 4-4450 * yaluable data. | absence of irradiation. 


A Subsidiary of Haveg industries, Inc, Wilmington, Del . 


(Continued on page 86) 
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Alcoa Aluminum 
a Nighest strength 
at lowest weight! 


CONTROL CABINETS MADE OF ALCOA ALUMINUM are easier to handle, easier 
to fabricate . . . cost less to ship . . . let your customers install 
your product faster and easier without expensive lifting equip- 
ment . . . drastically reduce future upkeep because Alcoa Alu- 
minum is corrosion resistant . . . and maintenance-free. 


Build your products with Alcoa® Aluminum and you 
automatically combine the cost-saving benefits of 
high strength and low weight. New aluminum alloys 
with tensile strengths comparable to mild steel weigh 
only one-third as much. 

Alcoa Aluminum offers you many other advan- 
tages, too: you get more metal per pound than with 
steel, brass, nickel or copper . . . it’s easier to handle 
. .. nonmagnetic . . . nonsparking . . . easy to spin, 
form, bend, roll . . . costs only one-half as much as 
copper for equivalent current-carrying capacity .. . 
can be cast, forged, extruded or drawn .. . easily 
joined by practically any method . . . corrosion 
resistant, it requires virtually no maintenance. 

Ask an Alcoa sales engineer to show you how Alcoa 
Aluminum can put added values for you and your 
customer into the products you make .. . or write 
Aluminum Company of America, 2130-E Alcoa 
Building, Pittsburgh 19, Pa. World-wide sales through 
Alcoa International, Inc., 230 Park Avenue, New 
York 17, N. Y. 


Your Guide to the Best 
in Aluminum Value 


ALCOA - For exciting drama watch “Alcoa P ts 
wate! a Presents” 
ALUMINUM every Tuesday, ABC-TV, and the Emmy 
Sessisani cecil te edteinh Award winning “Alcoa Theatre’’ alternate 
Mondays, NBC-TV 
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WELD-PACK REVOLUTIONIZES COMPONENT ASSEMBLY 


Cutting size and weight 75% or more, the new “Weld-Pack” con- 
struction as produced by Sippican Corporation for MIT’s Instru- 
mentation Laboratory stacks components in true three-dimensional 
packaging of almost any shape or module. Packaging densities rang- 
ing to 260,000 components per cubic foot are achieved only through 
Weldmatic welding, which cannot damage adjacent components 
through unwanted heat. “Weld-Pack” eliminates unnecessary weight 
of phenolics and lack of continuity in printed wiring — gives de- 
signers unlimited freedom. For this fresh, new concept in pack- 
aging, Sippican Corporation depends on WELDMATIC electronic 
welders chosen after careful evaluation of all stored-energy equip- 
ment. Unvarying uniformity of welds; accurate, repeatable pressure 
— these are some of the WELDMATIC features so important to con- 
structing “logic sticks” and other component packages to new stand- 
ards of quality. 


IMAGINE reliability of only one reject in one million welds... no 
cold joints...no flux contamination...greater mechanical strength. 


FIND OUT how Weldmatic welding can help you with difficult metal- 
joining production problems. 


(Above) Sippican assembler uses two Model 1032 Welding Heads and 
companion Weldmatic Power Supply in performing two separate weld- 
ing operations on a“ Weld-Pack” without changing electrodes or fixtures. 


WELDMATIC 
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RESEARCH Notes 

The fact that the departures from 
adil Law take place at such high 
| fields, plus the fact that the statistical 
time lags disappear at these fields, indi- 
| cates that field emission is probably an 
important factor in the breakdown mechan- 

| ism, although this in itself is not sufficient 

| to cause breakdown. 

It has been suggested by several groups 
of workers that (even in gases at relatively 
low applied fields) field emission can take 
place from cathode surfaces due to the 
externally applied field, plus a local field 
'eaused by positive ion space charges in 
the vicinity of the cathode. Following this 
| line of reasoning, we have extended the 
suggestion of Kingdon and Lawton? that 
the positive space charge is localized on an 
| insulating layer on the cathode. With such 
a model, the positive ions have a negligible 
| effect upon the field within the gap; conse- 
quently, one avoids the necessity of solving 
Poisson’s equation. 

Our mechanism for breakdown at high 
pressures may be described qualitatively as 
follows: first, field-emitted electrons under- 
go a series of ionizing collisions in the 
gas, giving rise to fresh positive ions, 
which drift back to the cathode and en- 
hance the cathode field. Secondly, we 
assume that the insulating layer has a 
finite conductivity, so that under steady- 
state conditions, the charge is leaking 
away as fast as it is being formed. 

The equations which describe such a 
process can be shown to lead to an un- 
stable rise in positive ion charge, and 
hence of cathode current if, and only if, 
| the multiplication coefficient in the gap 
| exceeds a certain value which is _field- 
dependent. This criterion of high-pressure 
| breakdown may be expressed quantita- 
tively by the equation: 


ie — 4) -(* a - 
n 
Ao( 


| Here a is the first Townsend coefficient; 
| 5 is gap width; A, E, and n are parameters 
which fit the equation i, — A(E, — E,)", 
the Fowler-Nordheim expression for field 
emission of a current i,; p is the volume 
| resistivity of the insulating layer; E, is the 
applied field strength; and K is the dielec- 
tric constant of the insulating layer. 
It is of interest to note the similarity of 
Eq (1) to the Townsend breakdown cri- 
terion: 


(2) 


where y is Townsend’s second coefficient. 
(Continued on page 88) 


t General Electric Review, 42, 474 (1932). 
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You get three times as much aluminum per pound as 
you get in a pound of steel, brass, nickel or copper! 


8 This means you can build for less . . . ship for less . . . 
C0a umInum make a greater profit by using Alcoa® Aluminum in 
was your products. 


Alcoa Aluminum offers you many other advantages, 
too: highest strength at lowest weight ... nonmagnetic 


a 
. .. nonsparking . . . easy to spin, form, bend, roll. It 
e Wa 0 (II can be cast, forged, extruded or drawn . . . easily joined 
by practically any method. Corrosion resistant, it re- 


quires virtually no maintenance. 
Ask an Alcoa sales engineer to show you how Alcoa 


‘ Aluminum can put added values for you and your cus- 
a ess COS tomer into the products you make... or write Aluminum 
a Company of America, 2130-S Alcoa Building, Pitts- 


burgh 19, Pa. World-wide sales through Alcoa Inter- 
national, Inc., 230 Park Avenue, New York 17, N. Y. 


Redraw rod made of Alcoa Aluminum gives you three 

times as much metal per pound as copper . . . costs one-half Your Guide to the Best 
as much for equal current-carrying capacity. As other metals er vere in Aluminum Value 
constantly grow more costly, aluminum is notable for its much 
lower rate of price increase. Whether you use aluminum as a 
structural metal or as an electrical conductor, Alcoa Aluminum comme ABC-TV, and ‘Alcoa Theatre’ 
can put many extra benefits in the products you make. cs alternate Mondays, NBC-TV 


Atcoa © - For exciting drama watch “‘ Alcoa 
ALUMINUM Presents’’ every Tuesday, 
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BEN WOULD HAVE LOVED INSUROK* 
FOR HIS OWN ELECTRICAL 
APPARATUS! 


Perfect for Fabricated Parts 


Superior Electrical Properties 
Greater Design Possibilities 


Lightweight, Non-Corrosive 


INSUROK is the copy- 
righted brand name for 
The Richardson Com- 
pany’ s complete family 
line of laminated 
plastics. 


Richardson INSUROK parts outperform and outlast other 
materials because of their unique combination of properties. 
Outstanding INSUROK characteristics are: 


Low dielectric loss. 

Low moisture absorption. 

Heat and blister-resistance. 
Unmatched insulating qualities. 
Remarkable strength and durability. 


Good machinability. 


Richardson laminated, machined and fabricated parts are pro- 
duced in a wide range of characteristics to meet many kinds of 
electrical and electronic applications. New grades, sizes, and 
shapes are constantly being developed for new applications. 


Whatever your specific product application ... electrical or 
mechanical... specify and insist on INSUROK. Write for 
comprehensive details in bulletin form on how you can profit 
by using INSUROK, or phone today. 


ec 

ae hae 
THE RICHARDSON COMPANY . Tie 

Le at 


FOUNDED IN 1858 Plastics 


2703 LAKE STREET, MELROSE PARK, ILLINOIS 
CHICAGO PHONE: MAnsfield 6-8900 * SUBURBAN PHONE: Filimore 4.4300 
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RESEARCH Notes 


The most marked dissimilarity between 
these equations lies in the fact that both 
sides of the latter equation are functions 
of E/p, whereas the right-hand side of 
Eq (1) is a function of E alone. Equation 
(2), therefore, obeys Paschen’s Law, while 
Eq (1) predicts that at high fields (i.e., 
high pressures) when field emission be- 
comes significant, Paschen’s Law will not 
he obeyed 


1 01.0-mil gap 
925 
} 45.0 | 


910.0 


aé 


foctor, 


Multiplication 


Field ,mv/cm 


) 


Fig. 2 — Breakdown of nitrogen depend- 
ence of multiplication factor a5 upon 
applied field E. 


Fig. 3 — The dependence of the multipli- 
cation factor ad upon E/p for nitrogen 
gap lengths of 1 to 25 mil. 


To test this point, the values for ad vs 
log E are plotted in Fig. 2, and a common 
curve for all values of 6 in the high-field 
region may be observed. On the other 
hand, as shown in Fig. 3, a plot of a8 vs 
E/p yields a common curve in the low-field 
region. Thus, there is excellent agreement 
between theory and experiment at both 
low and high pressures. 


A. HARRY SHARBAUGH and 
P. KEITH WATSON 

GENERAL ELECTRIC 

RESEARCH LABORATORY 
Schenectady, New York 
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For more details on Anaconda Nylac’s unique combination of useful characteristics, please turn the page— 


When you must wind fast, tight, 


and meet high temperatures, too, 


SPECIFY NYLAC SOLDERABLE MAGNET WIRE 


The faster you wind and the tighter your space factor 
more you should consider the 
Anaconda Nylac Mi ignet Wire. 
For Nylac is Anaconda 
outer covering. 
and 


the 


advanti iges offered by 


you 
Analac with a tough, Nylon film 
The Nylon provides outstanding slipperiness 
abrasion resistance—these tight-winding characteristics 
enable you to make compact, easily shaped, uniform coils. 

Yet Nylac incorporates many features of Analac. For 
example, it gives you easy, fast solder: ibility without stripping. 
It also has excellent moisture resistance. 

In addition, Nylac offers you I gh dielectric strength, high 
thermoplastic flow temperatures, e cellent flexibility, resistance 
to hot varnishes and potting compounds. And 
130°C (AIEE Class B) requirements. 

So by combining Nylon, an old and industry-accepted 
insulation, with a newer but thoroughly proven film covering 
Analac—Anaconda’s Nylac is a new solderable Class B Mi ignet 





it meets all 


ANATHERM 





roe ee ee eee Tee eee 


PLAIN ENAMEL 


Wire especially designed to overcome the strains of today’s 
high-speed winding equipment and tight space factors. 

The next time you face these and other winding problems, 
contact your nearest Anaconda Wire & Cable Sales Office. Our 
technical staff and Research and Development Laboratory 
facilities are available to give you every assistance possible. See 
the Man from Anaconda. Or write: Anaconda Wire & Cable 
Company, 25 Broadway, New York 4, N. Y. 


3 


Ask the man from 


ANACONDA 


about 
NYLAC MAGNET WIRE 


FORMVAR ANALAC 





Anaconda” Nylac film-coated magnet wire has a Nylon 
enamel outer surface over a film of Anaconda Analac 
(polyurethane) insulation. Nylac is a solderable wire that 
meets 130°C (AIEE Class B) thermal test requirements. It 
has outstanding windability and varnishability for severe 
process conditions, and exhibits excellent heat shock char- 


acteristics. 


TECHNICAL PROPERTIES 


Nylac has high dielectric strength. It has excellent electrical 
properties for all applications except high “Q” coils where dis- 


sipation factor should be as low as possible. 


DIELECTRIC STRENGTH 


Moisture environment of sample Volts per mil of insulation 


Dry 3580 
Room Conditions 2560 
Six hours at 100% relative 


humidity at 100 F 1310 


DIELECTRIC CONSTANT AND DISSIPATION FACTOR 
(Measured with capacitance bridge) 
Frequency % 
Cycles 
Per Second 


Dissipation 
Factor 


Dielectric 
Constant 


35°C 100 C 25°C 100°C 


10? 3.5 10.7 2.4 11.4 
10° 3.4 8.9 2.2 21 
104 3.5 6.2 2.8 18 
10° 3.3 4.8 2.8 6 


Nylac is a strong flexible insulation. It adheres well to the 


conductor. Nylac wire survives severe abrasion, stretch and flex- 


NYLAc 
MAGNET 
WIRE 

OMss2g 


ANACONDA WIRE & CABLE COMPANY 
25 Broadway, New York 4, N. Y. EM 


New Nylac Booklet—yours for the asking. 
Latest information—full technical data. 
Mail coupon for your copy. 


I am interested in learning more about the excellent properties 
of Nylac Magnet Wire. Please send me your new technical 
booklet DM5928. 


NAME & TITLE 
COMPANY 


Important Facts 
about 


ing in high-speed. high-tension winding operations due to the 
tough Nylon overcoat. The wire will take short radius corner 


bends without cracking. 


Nylac has outstanding resistance to chemical attack. It will 
withstand 24 hours’ immersion at room temperature in solvents 
including naphtha, Xylol, ethyl alcohol, chlorothene, methanol, 


and in 5‘ sulfuric acid and I‘, potassium hydroxide. 


THERMAL STABILITY 


Nylac meets the 130°C 
(AIEE Class B) requirement. 
Graph 1 indicates 20,000 
hours’ life at 135°C for un- 
varnished samples. Var- 
nishedsample data, available 
on request, indicates over 
30,000 hours at 130°C. 
Nylacisnot recommended 
for use where severe thermal 
overloads may be encoun- 


tered. 


NYLAC MAGNET WIRE 


HEAT SHOCK UNVARNISHED AIEE 57 TEST 


1 HR. AT 155°C 
Mandrel Diameter (Multiple of Wire Diam.) 


Prestretch 1x 3x 5x 10x 


0% pass pass pass pass 
10% pass pass pass pass 
15% pass pass pass pass 
20% pass pass pass pass 
25% pass pass pass pass 


Thermoplastic flow temperature 


265 C using 5 C per minute rate of rise 


Nylac wires solder without pre-stripping at practical solder 
temperatures, { 
Solder 
Temperature Sample 


Wire Size Time-Seconds 


360°C Twisted 
360 °C Pair 


360°C 
360°C 


15— 18 15 
19—25 10 


26—30 4 
31—46 4 


Wrap on 
20 gage 
mandrel 
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Why Du Pont insulation 
is in a class by itself 


ARMALON® TFE-fluorocarbon resin coated glass fabric 


Serviceablie from -125°F to +482°F (Classified as Ciass H insulation) 


GENERAL PROPERTIES SPECIFIC PROPERTIES* of single ply 3 mils 


Unusual heat resistance Dielectric strength (1/4” electrode) > 750 
Mechanical strength and extreme Surface arc resistance, sec. > 180 


toughness 
Dielectric constant 
Low flow under heat and pressure 60 cycles 1.8 
1.7 


Excellent electrical characteristics 1,000,000 cycles 
over a wide range of temperatures Volume resistivity, ohm-cm 


Each of these electrical insulating and frequencies roem conditions 10"? 


High degree of chemical inertness 300°C 10" 


materials—Du Pont coated glass fab- Excellent anti-adhesive, non-stick Insulation resistance, ohms 
properties (96 hrs. @ 90% R.H., 25°C) 10* 


rics —more than meets the industry Low water absorption Breaking strength, Ibs./in. of width, 
cneeiahis warp 


Outstanding flame resistance > 40 


standards of its Class. As you look Note: Standard single-ply constructions — available in 4, 5, 8, 10 mils, also — come in rolls or 
. sheets 14” to 38” wide; laminates in rolls or 13” x 17” sheets—6 to 25 mils thick. 
over the data, you'll note outstand- 
LECTON® acrylic resin coated glass fabric 


ing chemical and mechanical charac- Serviceable at 226°F continuously, to 310°F intermittently(Classified as Class B insulation) 


GENERAL PROPERTIES SPECIFIC PROPERTIES* of single ply 3mils 7mils 14 mils 
Good heat resistance Dielectric strength (14” electrode) 
@ 25°C 


teristics as well as electrical —better 
> 1000 > 800 > 600 


property balance. Saueue strength and extreme @ 130°C > 700 >600 > 500 


° . ° Dimensional stability @ 25°C after 4 days at90% R.H.> 900 > 700 > 550 
Du Pont insulation is unmatched enanniantiusbuneiates Surface arc resistance, sec. > 180 > 180 > 180 


characteristics to 310°F and under Volume resistivity, ohm-cm 
@ 25°C 


in performance. You'll discover it is high humidity conditions io“ = 10" = 10 
Highly resistant to most solvents, @ 130°C 10"2 10'2 10"2 


remarkably uniform in caliper...can transformer oils, fluorinated @ 25°C after 4days at 90% RH. 10" 10 10" 


hydrocarbon refrigerants 
Breaking strength, Ibs./in., average, W X F 
straight 


give you greater design freedom Good resistance to nuclear radiation 
. , Modest price bias-cut 
make your product more reliable, re- Elongation at rupture, 3% : : 
° ° bias-cut 35 
duce your rejects. And for particular 
Note: Standard single-ply constructions — available in 5, 10 mils, also — come in rolls or sheets 
” to 60” wide; 7 and 10 mils offered both straight and bias-cut. Laminates supplied in 


‘ 2 : Va" t 
insulation problems, Du Pont Techni- salle 20 and 30 mils thick, and in 18” x 18” sheets .060”, .072”, or 3/32” thick. 


90x150 “a 250x256 


cal Service is available to assist you. | FAIRPRENE® silicone rubber coated glass fabric 


: Serviceabie from - 70°F to +480°F (conforms to Spec. MIL-C 21948) 
For details, complete data on these GENERAL PROPERTIES SPECIFIC PROPERTIES* of single ply 7 mils 10 mils 


Du Pont coated fabrics—mail the cou- itl ran aae sa strength (%” electrode) > 500 > 500 
ensile strength, Ibs. 130x110 150x140 
pon today. Or write E. |. du Pont de 


Good electrical characteristics Tear strength, Ibs. 8x10 8x10 
Nemours & Co. (Inc.), Fabrics Division, Leonpentae Seay Oil resistance 


SS 
Excellent corona resistance durst strength 350 psi 400 psi 
Puncture resistance 70 hrs. @ 350°F 


Dept. EM-05, Wilmington 98, Delaware. eae +5% 


volume change 
decomposition none 
surface tack none 


*Derived from standard testing methods. These data are a guide to properties and 
are not to be regarded as specifications. 


DU PONT 
INDUSTRIAL COATED 
FABRICS 


E. |. du Pont de Nemours & Co. (Inc.) 
Fabrics Division, Dept. EM-05, Wilmington 98, Delaware. 


Please send me FREE information on: 
0 “Armaion” [ “Lecton” [ “Fairprene” ([) Du Pont Technical Service 
| want this information for [) reference only C— an immediate project 


RNIN chcreexeecececossinanconnnsiindisguld NOE UN orig tiiidaieeamaialali 
Company. 

IE anccsincisnieaniiscesbvnseiitinssinncnneeninaicajenssicitaniasistn tcaaisteililaniaiaiinineivtintaiimaiieniinnininlimmatiaaiaaal 
CC ee oe 


REG. U.S. PAT. OFF. 


Better Things for Better Living...through Chemisry 
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DESIGN Trends 


High-Reliability Flexible Waveguide 
For Extreme Environments 


J. H. HOLLEY, R. Y. SCAPPLE and J. I. STILLMAN 


Hucnes Aircrarr CoMPANY 
Culver City, California 


A NEW, HIGH-RELIABILITY flexible wave- 
guide has been developed by the Com- 
ponents and Materials Department of 
Hughes Aircraft Company, Culver City, 
California. The new component, de- 
signed to meet the elevated-temperature 
demands of airborne systems applica- 
tions, is expected to replace conven- 
tional flexible 
ordinary temperature applications. 


waveguides even for 

The new waveguide has been thor- 
oughly tested (MIL-W-287) and _ has 
been found to be more reliable than 
conventional flexible waveguides. Ele- 
vated-temperature testing has shown the 
component to be capable of withstand- 
ing several hundred hours in air at 
750 F (followed by a ten-day humidity 
test) with no appreciable effect on elec- 
trical or mechanical characteristics. 
Because of the rugged airtight construc- 
tion of the component, a rubber jacket, 
such as is employed with conventional 
flexible waveguides, is not necessary. 
The elimination of the jacket results in 
significant weight reduction and lower 
manufacturing costs, which are com- 
parable to or lower than those of con- 


ventional flexible waveguides. 

The new flexible waveguide is con- 
structed from thin stainless steel ribbon, 
formed and wound in such a way as to 
produce an convoluted 
transmission section. The interlocking 
joints as well as the flanges are then 
brazed to form high-temperature, pres- 
sure-tight joints. By utilizing this 
method of construction, both straight 


interlocking 


and twisted sections may be produced. 
Subsequent to the brazing operation, a 
suitable heat treatment and electroplate 
are applied and the necessary “E” and 
“H” plane bends are made. Figure 1 
shows two completed waveguides. The 
nature of the materials and construc- 
tion methods chosen provide mechanical 
strengths far above previously produced 
components. For example, the tensile 
strength and endurance limit of the 
high-reliability waveguide materials are 
approximately four times as great as the 
materials of presently produced com- 
mercial flexible waveguides. In addi- 
tion, its resonant frequency does not 
even fall within the spectrum of vibra- 
tion test frequencies specified for most 


airborne systems applications. Numer- 
ous tests conducted on several hundred 
of these waveguides have shown that 
electrical characteristics are better on 
the average than conventional flexible 


waveguides. 


Method of Construction 


A stainless steel ribbon several thou- 
sandths of an inch thick is guided from 
a spool through four sets of forming 
rollers and then wrapped around a 
revolving mandrel. As the ribbon passes 
through the rollers, it is progressively 
formed to a shape that will produce an 
interlock when it is subsequently spi- 
rally wound around the rectangular 
mandrel. A brazing wire 0.010 in. diam 
is continuously fed into a formed lip of 
the strip as it approaches the mandrel. 
feeds off the 
revolving mandrel as a continuous rec- 
tangular tube and is cut to the desired 
length. The mechanism for forming and 
winding the 
shown in Fig. 2. 

The convoluted waveguide section is 
then thoroughly cleaned and dried and 
mounted on a suitable brazing fixture. 
The brazing is conducted in a dry 
hydrogen-atmosphere electric furnace 
at 1800 F. In addition to brazing the 
convolutions, this step in the processing 
provides the first of three heat treat- 
ments necessary to achieve optimum 
mechanical properties for this type of 
stainless steel. 

The flanges are either torch-brazed 


The waveguide section 


transmission section is 


(Continued on page 94) 


Fig. 1— Completed flexible waveguide assemblies showing two Fig. 2— Mechanism for winding flexible waveguide transmis 


configurations. 
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INSULATING 
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Whatever the job... PeRMACEL 
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CTD PRECISION SECTIONAL DIES 


ASSURE QUALITY OF TEXAS 
INSTRUMENTS TRANSISTORS 


Check the transistors in the 
next portable radio you hear, 
and chances are they’ll read 
“TI” — trade mark of Texas 
Instruments Incorporated of 
Dallas, Texas. This aggres- 
sive company supplies leading 
manufacturers of computers, 
missiles and electronic equip- 
ment. For contour ground dies 


of extremely critical tolerances, TI chooses CTD 
sectional dies to stamp the tab sheets for the ultra- 
small semi-conductor wafer assembly within the 
transistor header. “Reliability and quality assur- 
ance demand component parts used with TI’s tran- 
sistors be uniform to .001”. 


Oa 


Another example 
of the important 


DESIGN Trends 


or induction-brazed to the ends of the 
waveguide section, using a lower melt- 
ing point brazing alloy. Aluminum 
flanges can be used in place of brass or 
stainless steel flanges by electroless 
nickel plating the flanges and use of a 
high-temperature solder. 


Electrical Characteristics 

Attenuation, VSWR and _ power-han- 
dling capacity measurements have been 
conducted on assemblies of various 
configurations ranging from straight 
12-in. sections to sections of 15 in. con- 
taining a 90 deg twist, a 90 deg bend 
in the E-plane, and a 90 deg bend in 
the H-plane. (These two assemblies are 
shown in Fig. 1.) 


Table |—Typical Electrical 
Characteristics of High- 
Reliability Flexible Waveguides 


Equivalent |Attenu-| Power- 
waveguide | | ation, | handling 
size OD, in. |\VSWR db/ft capacity 


1.250 x 0.625| 1.05 | 0.04 [greater than 
| | 1000 kw 


| peak 


ana 1.06 0.05 |greater than 
| 


500 kw peak 





Note: Preliminary high-temperature testing of the 
1.000, x 0.500 size waveguide indicates that the as- 
sembly is capable of handling 500 kw peak power at 
500 F. 


Readings were taken on approxi- 
mately 200 12-in. assemblies over a 
frequency range of 8400 to 9500 mc/- 
sec. The average electrical properties 
of these assemblies are shown in 





production efficiency 
made possible by CTD 
precision craftsmanship 


_ means 
(Jeveione foo and [J'° precision... 


Dies, Jigs, Fixtures and Special Purpose Tooling 


Send for 
brochure 
describing 
CTD’s plant 
and 
facilities. 


FREE! 


Table I. 


Mechanical Tests 


As a means of evaluating certain 
mechanical tests, VSWR, attenuation 
measurements, and pressure tests (at 
45 psig) were performed both before 
and after each mechanical test. A wave- 
guide was considered to have success- 
fully passed the mechanical test if it 
remained within specification and did 
not change from its original test value 
by more than a specified amount. Some 
mechanical tests and their results are 
listed below: 


Cleveland Tool and Die Co. 


30510 Lakeland « Willowick, Ohio 1. Repeated Bend—Assemblies have 


undergone continuous bend cycles of 
15 deg at the rate of 40 cycles per min 
for 1,000,000 cycles in both the E- and 

(Continued on page 96) 
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For lasting dependability, specify... 
SPOR RESINS 


When you are looking for outstanding reli- 
ability, even under severe operating condi- 
tions, you can count on Epon resins to give 
you the excellent electrical and mechanical 
performance you require. 


For example—Epon resins have truly 
amazing adhesive qualities—form strong 
bonds to metal, glass, and plastic. They assure 
air-tight, moisture-tight enclosure for delicate 
components and vacuum tubes. Even when 
exposed to solder-bath temperatures, Epon 
resins retain their dimensional stability. 


Epon resin-based insulating varnishes and 
potting compounds, in addition to providing 


excellent moisture sealing, have outstanding 
resistance to attack by solvents and chemi- 
cals, even at high temperatures. 


When reinforced with inert fibrous filler, 
Epon resins produce base laminates of supe- 
rior dielectric properties that can be sheared, 
punched, drilled, and bath-soldered. 


Solvent-free Epon resin adhesive formula- 
tions require contact pressure alone and cure 
at room temperature, or with low heat for 
accelerated curing. 

Will Epon resins solve a production prob- 
lem for you? For a list of resin formulators 
and technical literature write to: 


SHELL CHEMICAL COMPANY 


PLASTICS AND RESINS DIVISION 


110 WEST 51ST STREET, NEW YORK 20, NEW YORK 


Central District East Central District 
6054 West Touhy Avenue 


Chicago 48, IIlinois Cleveland 14, Ohio 


1578 Union Commerce Bidg. 


Eastern District 
42-76 Main Street 
Flushing 55, New York 


Western District 
10642 Downey Avenue 
Downey, California 


IN CANADA: Chemical Division, Shell Oil Company of Canada, limited, Toronto 
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/ do more things 
...and do them — 


better with 


CERAMIC 
MAGNETS 


The permanent magnets 
that 
are really permanent 


Ceramics 

offer great- 

est resistance to de- 
magnetization of any com- 
mercial magnet material 
. . . All energy is fully 
usable—no_ keepers, pole 
pieces or auxiliary air gaps 
needed . . . Can be mag- 
netized before or after as- 
sembly Electrically 
non-conductive Less 
heating .. . Inert to chemi- 
cals and gases... Up to 8 
or more poles on a single 
flat face... AND MANY 
OTHER ADVANTAGES. 


Write for Ceramagnet 
Engineering Bulletin RC-11A 


STACKPOLE 
CARBON COMPANY 
St. Marys, Pa. 


Circle 142 on Inquiry Card 


@ 
% 


ne 


rer he 
Bee 


ma 


Sy 


: Ta ed 


Wiaw: 


a 





DESIGN Trends 


H-plane without mechanical damage or 
failure to meet the electrical require- 
ments. 


2. Cold Bend 


withstood 90 deg bends over a 1.5-in. 


The assemblies have 


radius in the E-plane, and over a 3.0-in. 
radius in the H-plane at - 

3. Extension 
extension of 0.120 in. have been com- 
pleted successfully with respect to leak- 
age and electrical requirements. 


-55 C. 
Five cycles of repeated 


Table I! — Vibration 
Characteristics, High-Reliability 
Flexible Waveguides* 


Equivalent waveguide 
size, in. 


1.250 x 0.625/1.000 x 0.500 
Resonant fre- 
quency in 
E-plane 
Resonant fre- 
quency in 
H-plane 

Resonant 
amplitude, 
E-plane 

Resonant 
amplitude, 
H-plane 


68 cps 68 cps 


136 cps | 140cps 


* Tests were conducted on straight 12-in. sections. 


In addition to meeting the pressure 
and electrical requirements after vibra- 
tion, the resonant frequencies and am- 
plitudes recorded in Table II were 
noted. Secondary resonant frequencies 
occurred in the E and H planes at 
195 and 390 cps, respectively, but these 
were of much lower amplitude and had 
a shorter duration than the fundamental 
resonant frequency. Vibration tests at 
elevated temperatures up to 500 F have 
been successfully performed without 
evidence of mechanical damage. O O O 


You will find more news of 


DESIGN TRENDS 


in other sections of this issue: 


e Systems 


e Test & 
Measurement 


e Components 


STRAITS 


News of developments [ 
in the production X 
and uses of tin 


Rubber tin—A tin compound that 
stretches like rubber and can be vul- 
canized has been developed by the 
Army. Tin is substituted for carbon, 
the usual base of rubber. The new 
polymer, alkyl tin methacrylate, is a 
“stretchable” high-temperature mate- 
rial with greater resistance to chemical 
than conventional rubber. This 
may lead to a series of carbon-replace- 


fuel 


ment materials similar to boron chem- 
ical fuels. 


New tinplate that is lighter 
stronger and thinner than any ever 
made is being researched by major 
steel producers. It shows great promise 
and is expected to offer important 
economic advantages to canners and 
other tin plate users, for shipping and 
product protection. No change in tin 
content of the new plate is indicated. 


Nonspattering flux is the re- 
sult of experiments by Tin Research 
Institute. The new soldering process 
uses polyethylene glycol instead of 
acidified water as a vehicle for acid 
fluxes. It has a low boiling point— 
flux won't spatter when it contacts 
molten solder or soldering bit. Spreads 
smoothly over large area. Won’t rust 
or corrode; residue washes off easily. 
Low volatility prevents evaporation; 
high flashpoint eliminates fire risk. No 
unpleasant odors or harmful fumes. 


Write today for more 
data on these items or 
for a free subscription to 
TIN NEWS—a monthly 
bulletin on tin supply, 
prices and new uses. 


The Malayan Tin Bureau 
Dept. 14E, 2000 K Street, N.W., Washington 6, D.C. 
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OHIO RUBBER IS THE 
GOOD SOURCE FOR THE 
ELECTRICAL INDUSTRY 


ORCO COMPONENTS have been 
serving the electrical industry for 
over 50 years. Specially formulated 
via ORCO “Customeering”, each 
part is designed to its job—formu- 
lated to resist ozone, weathering, 
flexing or other unique hazards. And 
all supplied on a regular production 
basis at OHIO RUBBER. 


ORCO CUSTOMEERING* goes to 
work for you right away; the minute 
part specifications are scanned. The 
full scope of OHIO RUBBER’s in- 


MAY 19060 


INDUSTRY” 


ORCO IDEA PARTS 
engineered to weather tough service 


tegrated design, research and practical 
ingenuity is focused on your part to 
improve quality, to cut production 
costs. 


ORCO CAPACITY guarantees your 
part to be made right—and on 
schedule! The modern facilities of 
four major plants assure uniformity, 
quality, delivery. Over 50 years ex- 
perience in custom-crafting electrical 
industry OEM components of rubber, 


synthetic rubber, silicone rubber, 
polyurethane, or flexible vinyl define 
The Ohio Rubber Company as the 
industry standard of single source 
control and responsibility—of prod- 
uct excellence. 


YOURS 

FOR THE ASKING! 
Send for ORCO BULLETIN 
715 for the complete ORCO 
*“CUSTOMEERING” 
STORY. 


*Trademark of The Ohio Rubber Company 


THE On1o RUBBER COMPANY 


General Otticee WW/LLOUGHBY, 


QAO « wiitehaii 2-0500 


A DIVISION OF THE EAGLE PICHER COMPANY 
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Balance your 
insulation 
SSI 
the better 


properties of... 


Random Wound Coil 


PHELPS 


DODGE 
NYLEZE. 


The extraordinary advanced film magnet wire 
that combines... .Windability, Varnishability, Solderability, 
Thermal Stability (Class B 130°C.)...all in one wire! 


Any time your problem is magnet wire, consult Phelps Dodge for the quickest, surest answer! 


ELECTRICAL MANUFACTURING 





Layer Wound Coil Wound Rotating Armature 


Remarkable Windability—slick, hard surface permits wire to wind into space 
more compactly. Excellent resistance to winding abrasion in automatic equipment. 


Outstanding Varnishability—withstands wider variety of hot varnish; 
solvents. Ideally suited for hot dip in high speed varnishing operations. 
Excellent for encapsulation or potting. 


Easy Solderability—solders or dip-tins at 650-750° F. without cleaning or 
stripping. No damage to copper conductors. 


Unusual Thermal Stability—rated Class B temperature with a thermal life of 
20,000 hours at 135° C. when tested according to AIEE #57 procedures (unvarnished). 
Provides unusual film “‘cut-thru’”’ resistance at high temperatures. 


Nyleze®—with the strongest combination of balanced film wire properties— 
builds greater strength and reliability into modern insulation systems. 


FIRST FOR 
LASTING QUALITY 
—FROM MINE 


TO MARKET! 
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We Can Make Alumina 

Ceramic Parts in Sizes 

from Micromodules to 
Nose Cones 

You are looking at the largest 
high alumina Isostatically formed 
ceramic part in the world. It is 
125%” outside diameter at the 
base and stands 40” high. This 
nose cone is the result of Coors 
research. 

In my right hand you can just 
see one of the tiny micromodule 
wafers (.310” square x .010” thick) 
from our current production 

If you need high strength 
alumina ceramic parts —large, 
miniature or in between, get in 
touch with us here in Golden or 
call the Coors regional sales man- 
ager nearest you. 

REGIONAL SALES MANAGERS 


West Coast William S. Smith, Jr 
EM 6-8129— Redwood City, Calif 
John E. Marozeck 

FR 2-7100— Chicago, Il. 
Donald Dobbins 

GL 4-9638 — Canton, Ohio 

John J. McManus 

MA 7-3996 — Manhasset, N.Y. 
Warren G. McDonald 

FR 4-0663 — Schenectady, N. Y 
Kenneth R. Lundy 

DA 7-5716— Dallas, Texas 
William H. Ramsey 

UN 4-6369— Houston, Texas 


Midwest 
Central 

East Coast. 
New England 
Southwest 


Southwest 


COORS PORCELAIN 
COMPANY 


Ce TU ee ee) 
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LITERATURE for the 
Design Engineer 


All-new listings of manufacturer’s literature just off the 


press .. 


including catalogs, manuals and other reference 


publications relating to materials for design-in use in elec- 
trically energized end products. Where applicable, Design 
Engineering Show booth numbers are appended. 


GUIDE TO SILICONE MATERIALS 


Engineering Guide 10-126 explains how 
various physical forms of silicones con- 
tribute to reliability, miniaturization, 
modularization and environmental pro- 
tection; increase serviceability over 
wide extremes of temperature; and aid 
value engineering. Contains engineer- 
ing data and processing information 
Details electrical and 
mechanical properties of silicones use- 
Describes typical 
applications. Dow Corning Corp., Mid- 
land, Mich. (Booth 1915) 

Circle 756 on postcard at end of book 


on silicones. 


ful in electronics. 


LAMINATED PLASTICS 


Bulletin 2b-Fa presents specifications 
of industrial paper-base and _fabric- 
base laminates. Description and appli- 
cations, grade numbers and colors are 
listed in four-page publication. Applica- 
tions of laminates are post-forming, 
electrical insulation, engraving, gears, 
bearings and printed circuits. Farley 
& Loetscher Mfg. Co., Plastics Div.. 
Dubuque, Iowa. (Booth 405) 

Circle 757 on postcard at end of book 


LIQUID SEALANT FOR METAL PARTS 


Bulletins TDS-2 through 10 are a 
compilation of test results of the use 
of Loctite liquid sealant. In order, 
topics are: resistance to fuels, lubri- 
cants, solvents and chemicals; tempera- 
ture resistance; summary of environ- 
mental tests; behavior of films of 
sealant under high loads; effect of fit 
or clearance on strength of 
joints; electrical resistance of sealed 
threaded connections; comparative per- 
formance with other thread-locking de- 
vices; retention of bearings with seal- 
lant; and resistance to vibration. Data 
sheets are results of tests by manufac- 
turer and customers. American Sealants 
Co., 103 Woodbine St., Hartford 6, 
Conn. (Booth 1009) 

Circle 758 on postcard at end of book 
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URETHANE ELASTOMER 


Four-page technical brochure contains 


charts showing physical properties, 
applications and advantages of Daycol- 
lan. Material is a cast or solid urethane 
that can be made into molded or ma- 
chined finished parts and is also sup- 
plied in sheet stock in a Shore Dur- 
ometer range of 60-97. Brochure ex- 
plains that exact durometer, abrasion 
resistance and electrical properties may 
be varied to meet requirements. Ure- 
thane Div., Dayton Rubber Co., Day- 
ton 1, Ohio. (Booth 1607) 

Circle 759 on postcard at end of book 


EQUIPMENT-QUIETING MATERIALS 


Publication discusses methods of sound 
control in appliances and is a 20-page 
brochure that outlines four general 
categories for added sound treatment 
as absorption, damping, transmission 
and_ isolation. Publication has 17 
graphs, nine tables, and four nomo- 
graphs, presents data for use as guide 
in selection of most effective and eco- 
nomical materials and thicknesses to 
obtain specific results, estimation of 
performance of a certain material un- 
der specific design conditions, and pre- 
liminary and final design or specifica- 
tion. Owens-Corning Fiberglas Corp.., 
Dept. 910, Toledo, Ohio. (Booth 2015) 
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ELECTRICAL PAPERS 


Bulletin containing technical data on 
electrical papers is in the form of a 
file folder that contains product in- 
formation on categories including in- 
sulating, conductive mpregnated and 
synthetic-fiber papers. Some special end 
uses covered are core material, layer 
and turn insulation, laminating base, 
cable wrapping and _ electro-graphic 
copy. Folder also describes manufac- 
turer’s production and electrical test- 
ing facilities, including a pilot plant 
experimental paper machine. According 
to the company, this miniature paper 
machine is rented to clients for con- 
fidential research. Riegel Paper Corp., 
260 Madison Ave., New York 16, N.Y. 
(Booth 1605) 


Circle 761 on postcard at end of book 
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FIBRE FACTS FOR ENGINEERS 


NUMBER 3 


How to Use Vulcanized Fibre for Electrical Insulation 


While all standard grades of Vulcanized 
Fibre can be used for many electrical in- 
sulating applications, the more exacting 
uses call for Spaulding’s Electrical Insula- 
tion Grade — Armite. 

Spaulding Armite is produced in thick- 
nesses of 1/32 inch and under with a con- 
sistently higher dielectric strength than is 
available in other grades of fibre. 

Special technical control of the manu- 
facture of Armite makes it possible to 
combine this higher electrical quality with 
exceptional durability and forming quali- 
ties. Thus, Armite is particularly well 
suited for a wide range of both electrical 
and mechanical applications. 

These uses include formed armature 
bonnets to insulate the windings from lead 
wires to the commutator, as well as for 
slot cell insulation in small armatures. In- 
dustry has also found extensive use for 
Armite in small, fractional horsepower 
motors. Here it is used in formed top 
sticks or wedges to insulate and anchor 
wires securely in the slots. 

In “Barrier Insulation,” the term used 
by Underwriters Laboratories for electrical 
insulation between live metal parts and 
adjacent live or grougd metal parts, Armite 
finds one of its broadest applications. In 
this use, Armite insulators line the metal 
housing of electrical devices where space 
by itself is insufficient to provide gap 
insulation. 

These Armite liners or “barriers” can be 
designed to accommodate almost any 
straight line contour. In .015” or .020” 
gauge Armite, fold lines are established 
economically by creasing in a punch press 
operation. 

In thicker Armite, such as the more 
commonly used 1/32”, score lines are 
punched in a fast punch press operation. 
This permits folding to fit neatly inside 
the housing box. Whether creased or 
scored, Spaulding ships these parts flat and 
ready to be formed easily by hand for 
insertion. 


by Earl A. Russell, Chief Engineer, Spaulding Fibre Company, Inc. 
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For barrier insulation as switch box liner, 
Armite is creaséd in punching operation for 
rapid hand forming. 


In these, as in a vast range of other 
applications, Spaulding Armite makes 
it possible to design and execute fin- 
ished assemblies of assured electrical 
qualities without sacrificing economy. 


ae 
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For barrier insulation as removable terminal 
cover scored and formed, Armite is held in 
shape with eyelets and in place with indent 
at base. 


Armite’s superior dielectric properties, 
coupled with good forming and struc- 
tural stiffness, have made it the tradi- 
tional choice of designers throughout 
the electrical industry. 


SPAULDING’S FREE NEW REFERENCE BOOK 
DEVOTED EXCLUSIVELY TO 
ENGINEERING DATA ON VULCANIZED FIBRE 


SPAULDING FIBRE COMPANY, INC. 


356 Wheeler Street 
Tonawanda, New York 


Please bring my engineering file up to date by sending a free copy of 


Spaulding’s “Vulcanized Fibre Engineering Data.” 


Address 


CF cciticncien 
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Visit Spaulding Booth 1016 Design Engineering Show 


MAY 1960 
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SOLDERING ALLOYS 


Bulletin of one page describes some 
of the products of the manufacturer 
and features a melting-point chart show- 
ing the melting point in deg F and C for 
available soldering alloys. These solders 
are offered in acid core, rosin core, solid 
wire, bar or sheet. High-purity metals 
and microfilms mentioned briefly. An- 
chor Metal Co., Inc., 966 Meeker Ave., 
Brooklyn 22, N. Y. 

Circle 762 on postcard at end of book 


EPOXY RESINS 


Selection chart for epoxy resins in- 
cludes paste, impregnating, casting and 
molding and potting compounds. Chart 
gives consistency, reactor, pot life, filler, 
cure, color, maximum useful tempera- 
ture, properties and use of eleven res- 
ins. John C. Dolph Co., Monmouth 
Junction, N. J. 

Circle 763 on postcard at end of book 


POLYOLEFIN RESINS 


Marlex TR-201 and TR-202 wire-coat- 
ing resins are described in six-page 
Bulletin 23. Offering outstanding re- 
sistance to stress-cracking and good 
processing properties, linear polyethy- 
lene resins are offered natural, colored 
or black. Bulletin describes desirable 
properties, including low dielectric con- 
stant and loss factor over wide tempera- 


ture range. Tables present physical and 
electrical properties, resistance to oxida- 
tive degradation, twisted-wire _ test 
crack resistance and effect of pigment 
loading on electrical properties. Phil- 
lips Chemical Co., Bartlesville, Okla. 
Circle 764 on postcard at end of book 


BONDED-FILM LUBRICANT 


Data on Poxylube 42 offers informa- 
tion on lubricant that can be used for 
industrial applications with no exten- 
sive surface preparation necessary be- 
fore applying. Lubricant is permanent- 
ly effective when dried at room temp- 
erature. Developed for use in critical 
applications where normal oil-based 
lubricants have proved inadequate. Lac- 
quer-type material is easily applied to 
metals, glass or plastics by spraying, 
dipping or brushing. Designed for use 
without curing, but solvent resistance 
and hardness can be increased by bak- 
ing at moderate temperatures. Adhe- 
sion is greater than tensile strength. 
Flexing does not affect adhesion. Molyb- 
denum disulfide pigment comprises 
most of dried film. Poly Chem, 541 S. 
Webster Ave., Indianapolis 19, Ind. 
Circle 765 on postcard at end of book 


POLYPROPYLENE BULLETIN 


“Pro-Fax” hydrocarbon polymer is de- 
scribed in 22-page brochure. Plastic 


with specific gravity of 0.905 may be 
injection molded or extruded. Physical 
characteristics, fabrication, and typical 
applications (parts, housings, wire in- 
sulation) are presented. Polymer is 
very light in weight, withstands -+-300 
F temperatures and has good tensile 
and impact strength. Finish obtained 
on molding is glossy. Cellulose Prod- 
ucts Dept., Hercules Powder Co., Wil- 
mington 99, Del. 
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COATED METALS FOR TRANSISTOR 
BASE TABS 


Single-page Technical Data Sheet 107 
describes physical properties of par- 
tially coated metals used as base tabs 
in manufacture of transistors, or as a 
solder-coated part acting as it own 
preform. Included in data sheet is de- 
scription of metals and alloys that can 
be coated and the physical properties 
of alloy-coated metals. Dimensional 
range of base materials and full or 
partial coatings listed. Alpha Metals, 
Inc., 56 Water St., Jersey City 4, N. J. 
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GASKETING AND GASKETS 


Catalog GG-1259, 12 pages, presents a 
line of gasketing and gaskets for 
flanges, joints, and similar applica- 
tions. Variety of types and construc- 


INDUSTRIAL SEALING WAXES 


for sealing screw heads, sockets, switch bases, 
wiring devices, spotting, etc. 


* Adhesion to ceramics, plastics, metal, glass. 
¢ Supplied in red, black, brown, and white. 
* Technical consultation available. 


Send for GENERAL SPECIFICATIONS CHART 


Stock available for immediate delivery 
3442 Howard Street © Skokie, Illinois 


Telephones: ORchard 3-1050 ° AMbassador 2-3339 


MYSTIK BRAND* 
MYLAR® SILICONE 


TAPE 


Mystik Mylar Tape is composed of 
a smooth, thin, highly flexible 
polyester film backing and an in- 
stant adhering silicone adhesive. 
Consistent performance under 
exacting electrical, and limited 
space conditions. (Thermal limits, 
~—80 to +325°F.). One of the most 


effective electrical insulating tapes. 


Other Mystik Brand electrical tapes: 

7000-G: For extreme tempera- 
ture demands (—110 to plus 550°F.). 
Tightly woven Fiberglas® backing. 
Superior electrical qualities. ® 

7100-G: Same characteristics as 
7000-G with silicone adhesive on 
two sides. 


sa Wigh Cmiuinily ind 
Coating 


Leading electrical manufacturers have 


found that coating undersides of metal 
grids in waffle irons and sandwich 
toasters saves at least 15% in wattage. 


'SAUEREISEN 
No. 7w 


increases heat absorption, withstands thermal shock, provides a hard ceramic-like 
finish that resists water, oil, acids and temperatures up to 2500° F. Can be brushed 
or sprayed, needs no firing. Ask for catalog. 7A 


Sauereisen Cements Co., Pittsburgh 15, Pa. 





® Write for complete information 

a7 Mystik Adhesive Products, inc) 
seer. stin 2635 N. Kildare Ave., Chicago 39 
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CYMEL 
BEETLE’ 


UREA 


PLASTICS 


CYANAMID MOLDING COMPOUNDS 


SELF-EXTINGUISHING 
HIGH ARC RESISTANCE 


DEPENDABLE ELECTRIC PROPERTIES 
UNDER ADVERSE. CONDITIONS 


EXCELLENT ABRASION-RESISTANCE 
CHEMICAL RESISTANCE 


CYMEL 3135—3136 (glass-filled) Additional 
distinctive properties: outstanding electrical 
properties; high impact resistance; extraor- 
dinary flame resistance; good dimensional 
stability. Typical applications: circuit breaker 
boxes; terminal strips; connectors; coil forms; 
stand-off insulators. Specifications: Cymel 
3135 (MMI-30, MIL-M-14E, Federal L-M-181 
Type 8; ASTM D704-55T Type 8); Cymel 3136! 
(MIL-M-19061, MMI-5). 


CYMEL 592 (asbestos-filled) Additional dis- 
tinctive properties: resistance to atmospheric 
extremes; high dielectric strength. Typical 
applications: connector plugs; terminal 
blocks; a/c, automotive and heavy duty in- 
dustrial ignition parts. Specifications: 
MIL-M-14E MME; Federal L-M-181 Type 2; 
ASTM D704-55T Type 2, SP1 SPEC NO. 27025. 


CYMEL 1077 (alpha cellulose-filled) Additional 
distinctive properties: Surface hardness, heat 
resistance, unlimited color range. Typical 
applications: appliance housings, shaver 
housings, business machine keys. Specifica- 
tions: MIL-M-14E — Type CMG (in approved 
colors); Federal L-M-181 Type 1; ASTM D704- 
55T Type 1, SP1 SPEC NO. 30026. 


CYMEL 1500 (wood flour-filled)—CYMEL 1502 
(alpha cellulose-filled) Additional distinctive 
properties: Good insert retention. Typical 
applications: meter blocks, ignition parts, 
terminal strips. Specifications: Cymel 1500 
(MIL-M-14E Type CMG, Federal L-M-181 Type 
6, ASTM D704-55T Type 6); Cymel 1502 (MIL-M- 
14E Type CMG, Federal L-M-181 Type 7; ASTM 
D704-55T Type 7. 


BEETLE® UREA (alpha-filled) Additional dis- 
tinctive properties: Economy of fabrication, 
economy of material, myriad translucent and 
opaque colors. Typical applications: wiring 
devices, home circuit breakers, tube bases, 
appliance housings. Specifications: Federal | 
L-P-406A, LC 726-1, ASTM D705-55, Grade 1} 
(Arc resistance limits are in process of! 
revision by ASTM), SP1 SPEC NO. 27026. 


WRITE FOR COMPLETE TECHNICAL DATA. 


AMERICAN CYANAMID: COMPANY «+ PLASTICS AND! 
RESINS DIVISION ¢ 30 ROCKEFELLER PLAZA— 
NEW YORK 20, N. Y. OFFICES IN; BOSTON « CHARLOTTE 
CHICAGO « CINCINNATI ¢ CLEVELAND « DALLAS « DETROIT 
LOS ANGELES « MINNEAPOLIS * NEW YORK ¢ OAKLAND 
PHILADELPHIA « ST.LOUIS « SEATTLE « IN CANADA 

CYANAMIO OF CANADA LTD., MONTREAL AND TORONTO. 
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Typical of problem parts that 
cause abrasion to tool parts is 
this electric range switch com- 
ponent. Greater formability of 
200-PLUS means less abrasion 
—longer tool life. 


ROLLING MILL 
DIVISION 


THE MILLER COMPANY 
MERIDEN, CONN. 


TOOL LIFE 
INCREASED 


30% 


OR MORE... 


... With miller 


*A leading manufacturer of wiring device 
assemblies reports: “Miller 200-PLUS 
phosphor bronze, with its great form- 
ability, has significantly reduced our 
need for tool sharpening, and all indi- 
cations point to a greatly increased tool 
life. In addition, | get a more consistent 
part, with more uniform shape and 
springback.”’ 

The secret’s in the 200% ductility 
increase of Miller 200-PLUS. Forming 
ability goes way up . . . tensile strength 
remains the same! The result is far less 
abrasion than with other phosphor 
bronzes in spring temper—and tools 
that last one-third longer! 


*Name and case history on request 
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Tweed & Co., 


and 
plus 


limits, 


lengths 
Greene, 
Pa. 
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given. 


Wales, 


RUBBER SHEET STOCK 


Cohrlastic 975 described in 
two-page data sheet. Shore A-75 duro- 
meter stock has high resistance to a 
of chemicals and fluids, 
including materials as carbon 
tetrachloride, benzene, most mineral 
acids and fuels. Dry-heat resistance 
(16 hr at 600 F): durometer, Shore 
A. +14: tensile strength, —20 psi; 
—40 per all are 
typical values. Commercial elastomer 
is available from stock in 12 x 12 in. 
and 24 x 24 in. molded sheets in vari- 
thicknesses. Connecticut Hard 
Rubber Co., 407 East St., New Haven 
9, Conn. 
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CAST HIGH-ALLOY 
DESIGNATION LIST 


Revision of the list of standard desig- 
nations and chemical composition 
ranges for heat and corrosion-resistant 
cast alloys has been issued. Newcomers 
in list of 32 grades are two corrosion- 
resistant alloys designated CD-4MCu 
and CG-BM. Cast CD-4MCu is a pre- 
cipitation-hardening — stainless alloy 
which provides double the strength of 
conventional “18-8” stainless grades 
with equal or better corrosion re- 
sistance, Type CG-8M_ stainless alloy 
is a higher molybdenum modification 
of CF-8M grade. Alloy Casting Insti- 
tute, 1001 Franklin Ave., Garden City, 
he = 

Circle 770 on postcard at end of book 
MOLDED RODS 


| Ten grades of thermosetting-laminate 
| molded rods are described in Technical 


| standard lengths, 


Data Bulletin 63-360. Data 


finishes 


include 
and _toler- 


| ances. Base materials are fabric, asbes- 


tos paper, nylon, and glass cloth. 
Characteristics and NEMA designa- 
tions presented in two-page publication. 
Micarta Div., Westinghouse Electric 
Corp., Hampton, S. C. 
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FELT AND FELT PRODUCTS DESIGN 


| A 24-page booklet describes felt as a 


design material and provides informa- 
tion to help engineers specify and ap- 
ply felt and felt products. Information 
included on design properties of felt, 
descriptions of special treatments, how 
to select proper shapes and dimensions 


| for specific applications, as well as data 


on felt for lubrication seals, gaskets, 
wicking and filters. SAE types of felt 
described with their recommended 


ELECTRICAL MANUFACTURING 





THE MODERN TOOL...AT WORK FOR MODERN INDUSTRY 


New! Polyken #293 glass fabric tape with thermo-setting adhesive 
for use in high-temperature applications such as jet aircraft. 


Three new tapes with electrical grade 
thermo-setting adhesive have been added 
to the Polyken line. 

That means you can now get a Poly- 
ken tape for almost any electrical use you 
can think of. No more need to search 
among several manufacturers. 

Nice to know, too, that now all Poly- 
ken tapes can be assorted for quantity 
discounts. 

Polyken...the brand with half a 
century of scientific research and proved 


I 
J 
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New! Polyken #158 cotton- 
backed electrical thermo-setting 
tape. Used in electric motor 


construction, etc, winding, etc. 


MAY 1960 


AR 
a 


New! Polyken #154 acetate 
cloth-backed thermo-setting 
tape, used for small gauge coil 


performance behind it. Find out what 
it can do for you. 

Polyken representatives are among the 
industry’s best trained technicians in the 
use and application of industrial tapes. 
They are ready to help you. Check with 
the Polyken Industrial Tape Distributor 
nearest you. Look in the phone book 
under “‘Tapes’’, or write to Polyken Sales 
Division, 309 W. Jackson Blvd., Chicago 
6, Illinois. (In Canada, write Polyken, 
Curity Ave., Toronto.) 
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New! Polyken #293 glass cloth- 
backed electrical thermo-set- 
ting tape is used for electrical 
appliances, etc. 
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INDUSTRIAL TAPES 


THE KENDALL company 
Polyken Seles Division 


INDUSTRIAL TAPES © PLASTIC FILMS 
PROTECTIVE COATINGS 





Important facts to know about laminated plastics 


pide 


A few Taylor composite laminates (left to right): copper-clad section; sandwiched cop- 
per component; Taylorite vulcanized fibre-clad part; laminated tube, copper inserts. 


Composite Laminates Open Up New Design Opportunities 


While the great variety of commer- 
cially available laminated plastics 
satisfy most electrical and mechan- 
ical requirements, there are applica- 
tions that can benefit from the com- 
bination of properties provided by 
composite laminates. Recent ad- 
vances in bonding techniques have 
made it possible to bond virtually 
any compatible material with a lam- 
inate. These can be supplied as clad 
or as sandwiched materials. And 
they can be molded into many shapes 
to fit design requirements. Taylor is 
presently supplying to order the fol- 
lowing composite laminates: 


e Copper and laminated plastics. 
Clad for printed circuits and formed 
shapes. Sandwiched for special ap- 
plications. 

Taylorite® vulcanized fibre-clad 
laminates. These combine the 
high strength of laminated plastics 
with the superior hot-arc-resistance 
of vulcanized fibre. They are being 
used in both high and low-voltage 
switchgear applications. Also in ap- 
plications where the high impact 
strength of vulcanized fibre may be 
advantageous. 

Rubber-clad laminates. Almost 
any type of natural or synthetic 
rubber may be used as the cladding 
material. These laminates are widely 
used for condenser tops in wet con- 
densers to protect the laminate 
against highly alkaline electrolytes. 
They also have application in any 
part where sealing or chemical re- 
sistance is needed. 
Asbestos-clad laminates. For 
applications where high heat- and 
arc-resistance are required. 
Laminate-clad lead. Lead sheets 
sandwiched between Grade XX pa- 


per-base laminates have been used 
for X-ray shields. The laminate 
provides strength and contributes 
to the high shielding properties of 
the lead. 

Aluminum-clad laminates. These 
have been used extensively for en- 
graving stock. They also offer pos- 
sibilities as printed-circuit material 
and as plate holders for X-ray 
machines. 

Beryllium copper-clad laminates. 
Beryllium copper is nonmagnetic 
and a good conductor—properties 
that give these laminates possibil- 
ities in many applications. 
Stainless steel-clad laminates. 
Applications where nonmagnetic 
properties are required. Also in cer- 
tain corrosive environments where 
the resistance of stainless steel to 
attack is an asset. 
Magnesium-clad laminates. 
These laminates have been pro- 
duced in 108-in.-long sheets for use 
as screens for X-ray operators. 
Weight was a factor. 


Our design and production engineers 
are constantly developing new ma- 
terials, new applications, and new 
procedures for fabricating laminated 
plastics. Our experience is yours for 
the asking. And if you have a prob- 
lem requiring assistance or more in- 
formation on composite laminates, 
write us. Also ask for your copy of 
Taylor’s new guide to simplified 
selection of laminated plastics. 
Taylor Fibre Co., Norristown 37, Pa. 


aylor 


LAMINATED PLASTICS VULCANIZED FIBRE 
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areas of application. Various tables in- 
cluded to aid in selection and speci- 
fication. Felters Co., 210 South St., 
Boston 11, Mass. 
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GRAPHITE BOOKLET 


Small, eight-page booklet on “Graphite, 
its Properties and Uses” explains the 
three types of graphite and outlines in 
detail principal properties, character- 
istics and applications of natural 
amorphous crypto-crystalline graphite. 
United States Graphite Co., Saginaw, 
Mich. 

Circle 773 on postcard at end of book 


METAL TUBING 


Volume II of 24-page brochure, en- 
titled “Metals for Precision and Per- 
formance,” contains selected articles 
and information on_ small-diameter 
tubing, clad metals, and composite 
wires. Four pages have been devoted 
to platinum and other precious metal 
products alone, and in combination 
with other metals, One page contains in- 
formation on tubing terminology. J. 
Bishop & Co., Platinum Works, Mal- 
vern, Pa. 

Circle 774 on postcard at end of book 


TFE-FLUOROCARBON 


Volume I, No. 1 of “The Journal of 
Teflon” has been issued. Eight-page 
first issue contains articles on heat- 
aging properties, lip seals of Teflon, 
and miscellaneous news. Future issues 
will present information on _ resins, 
business news, comments and ques- 
tions from readers. Polychemicals 
Dept., E. I. du Pont de Nemours & 
Co., Wilmington 98, Del. 
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SPRING-MATERIALS CATALOG 


Handbook on spring materials dis- 
cusses the various spring properties of 
several groups of metal alloys. Eight- 
page publication contains several com- 
parison tables and charts in addition 
to general discussion of each alloy. 
Publications Dept., Riverside-Alloy 
Metal Div., H. K. Porter Co., Inc., 
Riverside, N. J. 

Circle 776 on postcard at end of book 


INSULATING SLEEVING 


Extrusion-coated silicone-rubber insu- 
lating sleeving with basic braid of in- 
organic glass fiber is presented on Data 
Sheet 520. Ben-Har 1151 sleeving uses 
a silicone rubber formula which is re- 
sistant to abrasion. Sleeving expands 
four sizes larger than original diameter, 
fitting over irregular connections with- 
out end fray or coating fracture. It re- 
covers shape indefinitely. Meets speci- 
fications for electrical insulating sleev- 
ings covered by MIL-I-18057A and 

(Continued on page 109) 
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This Mary Proctor toaster is beautiful 

and different. On the sales counter it 
stands out from its competitors. Much 
of this sales-pulling distinction lies in 
the end panels formed from gold-fin 
ished, geometric-patterned Embossed 
Amerstrip. This effective pattern was 
created by famous industrial designers, 
Raymond Loewy Associates, and was 
rolled by American Steel & Wire 

The USS Embossed Amerstrip was 
given a No. 4 temper which is espe 
cially suitable for formation work. It 
was rolled to .0239-inch thickness and 
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trimmed to 57-inch width with a No. 3 
slit edge. So that the strip would make 
a good bond with the gold plate it was 
supplied with a No. 3 finish—the best 
finish available on strip. It is guaran 
teed against surface defects and has a 
sufficiently high lustre to make buffing 
or polishing before plating unnecessary. 
To protect the finish and the embossed 
design, the coils were interleaved with 
rolls of paper before shipping. 
American Steel & Wire specializes 
in the rolling of special embossed de- 
signs for specific applications. If you 
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made 
more beautiful or more sales-appealing 
with Embossed Amerstrip, get in touch 
with American Steel & Wire. Write to 
N.W., Cleveland 


USS and Amerstrip are r 


have a product which could be 


614 Superior Avenue, 
13. Ohio 


egistered trademarks 


American Steel & Wire 


Division of 
United States Steel 


Coiumbia-Geneva Stee! Division, San Francisco, Pacific Coast Distributors 
Tennessee Coal and Iron Division, Fairfield, Al ern Distributors 
United States Stee! Export Company, Distributors Abroad 





NEMA Type 5. Rated for continuous 
operation at 220 C. Low-temperature 
brittle point is below —85 C. Bentley- 
Harris Manufacturing Co., Consho- 
hocken, Pa. 
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CERAMIC FILTER 


Technical data sheet No. 7023 on 
ceramic composition describes a ma- 
terial having low thermal expansion 
and a uniform distribution of relatively 
large pores. Designed for rapid filter- 
ing of either gases or liquids to re- 
move solid or liquid macro-particles, 
No. 7023 Capilain exerts a capillary 
effect upon liquids which come in con- 
tact with and wet it. Porosity, 70.3 per 
cent; filter rating; 60 microns. Ma- 
terial withstands 1800 F. Star Porce- 
lain Co., 34 Muirhead Ave., Trenton, 
Nd: 

Circle 778 on postcard at end of book 


STAINLESS-STEEL ANALYSES 
SPECIFICATIONS 


Revised data chart, Sec. A, No. 1, pro- 
vides analyses specifications for 58 dif- 
ferent types of stainless steel. It covers 
all 40 standard AISI grades, plus 18 
specials, including widely accepted pre- 
cipitation-hardening grades 17-4, 17-7 
and 15-7 MO. Nearest corresponding 
SAE and AMS designations are cross- 
indexed with AISI grades for added 
convenience. Printed on card stock 81% 
x 11 in. Peter A. Frasse & Co., Inc., 17 
Grand St., New York City 13. 
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PIEZOELECTRIC CERAMIC ELEMENTS 


Four-page bulletin describing “Miche- 
lite” high-temperature piezoelectric 
ceramic elements features a line of 
stable ferroceramic materials capable 
of operation from cryogenic tempera- 
tures to 350 C. Bulletin outlines elec- 
trical and mechanical properties of 
these modified lead-zirconium titanates 
available in hollow spheres and cylin- 
ders up to 6-in. diam, bars up to a 
foot long, and disks. Universal Dy- 
namics Corp., 130 Los Aguajes Ave., 
Santa Barbara, Calif. 
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ELECTRICAL PANEL-BOARD 
MATERIALS 


Two asbestos-cement materials are de- 
scribed in a 4page folder, IN-229A. 
Folder enumerates advantages of As- 
bestos Ebony, including resistance to 
delamination, freedom from absorption 
of water, oil, gas, and most common 
chemicals, and ease of machining. Ma- 
terial is for use in switchboards, con- 
troller plates, switch bases, bus-bar 
supports, and as insulating spacers, at 
service voltages up to 1200 volts. Ohm- 
stone is used in applications where 
metallic or carbon dusts tend to carbon- 
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PARAFORMED |e is 


Speed and Improve 


OUTSIDE 
||| COL WINDING 


CORNERS RADIUS 


SPIRAL WOUND 
Not Die Formed 


ANY SIZE—SQUARE OR RECTANGULAR 


PARAFORMED paper tubes simplify coil winding 

operations and speed production, yet cost no more. 

@ In the exclusive PARAFORM method of tube 

aa edges making, no artificial heat or pressure is used— 

tte need for wedees te Paraforming takes place at the time of spiral 

tighten wire winding. Hi-Dielectric. Hi-Strength. Kraft, Fish 

Permits winding coils Paper, Acetate, Red Rope or any combination 

to closer tolerances wound on automatic machines. Produced from 

wee rainal ota stock arbors or special sizes engineered for you. 

Allows faster stacking Can also be supplied in regular or with slight bow. 
of wound coils 


Dey FOMOUNS paver ruse cone.) cr” 


612 LAFAYETTE STREET, FORT WAYNE 2, INDIANA | 5'OCk ARBOR LIST. 
Manufacturers of Paper Tubing for the Electrical Industry Since 1931 


THIS SPOOL! 


oo" 


KESTER 
SOLDER 


Kester Fitux-Core Sovper is 
always first choice with those 
who know solder. They like 
the way it helps keep produc- 
tion costs in line, speeds as-— 

\ sembly, assures dependable 
performance. Yes, American 
industry is sold on Kester... 
how about you? 


WRITE today 


for free 78-page 
Kester technical 
manual, 
pooh 

Ponieitise 4209 Wrightwood Avenue « Chicago 339, Illinois 


and Usage.” Newark 5, New Jersey » Anaheim, Cal. + Brantford, Canada 
Over 60 Years’ Experience in Solder and Flux Manufacturing 
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molding compounds 
CHEMICAL 
RESISTANCE 


GREATER 
than any other 
comparable 
molding compounds 


Recent tests of Mesa Diall 
molded parts in different 
chemicals show unusually 
high resistance to chemical 
disintegration. In the field, 
a Mesa Diall compound 
shows indefinite resistance 
to 45 solution potassium 
hydroxide...other plastic 
materials actually fell apart 
within 2 months on 
exposure to this solution. 


Write Today for test data 
on chemical resistance of 
Mesa Diall! When you need 
chemical resistance... 
specify Mesa DIALL! 


Remember DIALL... 
Easy to Mold 
Easy to Machine 
No Post-Mold Shrinkage 
Resistant to Solvents 

and Corrosives 

Unaffected by Moisture 
Fungus Proof 
Does Not Corrode Metals 
All Colors Available 


Please address all inquiries regarding 
Diall molding compounds to 
MESA PLASTICS COMPANY... 
12270 Nebraska Avenue 
Los Angeles 25, California 
Dept. 18 


Circle 158 on Inquiry Card 








ize conventional electrical boards. 
Folder contains tubular data on phys- 
ical and electrical properties of both 
materials. Johns-Manville, 22 E. 40 St., 
New York 16, N. Y. 
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PROTECTIVE COATINGS 

Bulletin C30 is a single-page form 
which describes HumiSeal insulating 
and protective coating. Single-compon- 
ent system cures at room temperature. 
Columbia Technical Corp., 61-02 Thir- 
ty-first Ave., Woodside 77, N. Y. 
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STEEL HARDNESS CONVERSION 


A chart which shows the approximate 
relation between hardness by various 
testing systems and tensile strength of 
carbon and alloy steels has been issued. 
Hardness systems covered are Brinell. 
Monotron, Vickers, and Rockwell (B, 
C and E scales) and Scleroscope. Tubu- 
lar Products Div., Babcock and Wilcox 
Co., Beaver Falls, Pa. 

Circle 783 on postcard at end of book 


CERAMIC PERMANENT MAGNETS 
Catalog 18A describes special proper- 
ties, uses and applications of Indox | 
and V magnetic material. Typical and 
minimum characteristics are graphed 
and summarized. Eight pages also in- 
clude stock sizes of oriented and non- 
oriented barium ferrite. Indiana Steel 
Products, Valparaiso, Ind. 
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MOLYBDENUM DISULFIDE LUBRICANT 


Four-page Bulletin 126B_ describes 
Molykote Type G, a grease-consistency 
lubricant, in general terms. Bulletin 
discusses how lubricant reduces galling, 
seizing and metal pickup in high-pres- 
sure and high-temperature applications. 
Alpha-Molykote Corp., 65 Harvard Ave., 
Stamford, Conn. 

Circle 785 on postcard at end of book 


MAGNET WIRE 
Technical Paper 60-1 is a reprint of 
a paper, “High-Temperature Magnet 
Wire,” presented at the National Con- 
ference on the Application of Electrical 
Insulation, December 1959. Magnet- 
wire type for 250 C is described. 
Sprague Electric Co., North Adams, 
Mass. 

Circle 786 on postcard af end of book 


INDIUM INGOT 


Bulletin HP-100, the first of a series of 
data bulletins on ultra-high purity 
metals, describes three grades of indium 
ingot available: types A, B and C, 
covering a range of purity 99.9+, 99.- 
99+- and 99.999-+- per cent. Bulletin 
lists suggested applications such as 
preforms for forming alloy junctions in 
germanium transistors and diodes, low- 
melting alloys, glass-sealing alloys, 


solder alloys, electrical contact alloys, 





GUDELACE 
is engineered 
for 

problem- free 


It’s no accident that Gudelace is the 
best lacing tape you can buy. Excellence 
is engineered into Gudelace. A sturdy 
nylon mesh is meticulously combined 
with the optimum amount of special 
microcrystalline wax. Careful selection 
of raw materials and superior methods 
of combining them give Gudelace out- 
standing strength, toughness, and sta- 
bility. Gudelace is the original flat lacing 
tape which distributes stress evenly over 
a wide area. It is engineered to stay flat; 
it will not stretch out of shape when 
pulled. Gudelace’s nonskid surface pre- 
vents slipping, eliminating the too-tight 
pull that causes strangulation and cold 
flow. Durability and dependability make 
Gudelace your most economic buy— 
with no cut insulation, fingers, or feelings. 

Write for Data Book with specifica- 
tions on Gudelace and Gudebrod’s com- 
plete line of braided lacing tapes and 
dial cords—Temp-Lace, Stur-D-Lace, 
and Gude-Glass. 


GUDEBROD 


BROS. SILK CO., INC. 


Electronic Division 
225 West 34th Street, New York I, N.Y. 


Executive Offices 
12 South 12th Street, Philadelphia 7, Pa. 
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7 Which Assembly is least expensive 1 


RIVETS 


STRIPE TOPLAY 


WELDING BUTTONS 


OVERLAY 


Have you re-evaluated your designs lately ? 
Let General Plate provide the right answer... 


There are many ways to fabricate the same 
contact assembly ... but almost in every case 
there is always one best, least expensive way. 

The General Plate products group of Metals & 
Controls Division produces a complete line of 
contact assemblies and contact materials. Backed 
by 48 years of metal cladding experience, we have 
the facilities and know-how to provide the per- 
formance required at the lowest cost. 

For Example: recently a manufacturer of auto- 
motive components, with the help 
of Metals & Controls Division 


Engineers, changed his contact design and in- 
creased production by 900% at the same time 
reduced costs proportionately. 


It will pay you to investigate General Plate con- 
tacts and materials. We offer . . . complete tech- 
nical information, engineering design assistance, 
samples, on-time deliveries. Our competent Field 
Engineers will gladly call at your request and 
review your current and future designs without 
obligation. Write today: 


“~ TEXAS INSTRUMENTS 


INCORPORATED 
METALS & CONTROLS DIVISION 


BRAZED ASSEMBLIES 


® 1905 FOREST STREET ~ ATTLEBORO, MASS. 


General Plate Products: Ciad Metals « ElectricalContacts e« Truflex@®—Thermostat Metal «+ Gold, Silver, Platinum and other Precious Metal Products 
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SHOCKPROOF 


“SCOTCHCAST” Brand Flexible Resins offer extreme 
crack resistance under thermal or mechanical stress... 
maintain good electrical properties at a high temperature. 


NOW... positive freedom from crack- 
ing in impregnated, molded or dip- 
coated units by using shock-resistant 
“ScoTcHcast”’ Flexible Resins of ap- 
propriate types: 

Low viscosity ““Scotcucast” No. 
235 for fine-wire impregnation; 
*“SCOTCHCAST”’ No. 241 for all-around 
wire impregnation and exceptional 
casting properties; thixotropic No. 
253 “Scorcucast” for smooth, drip- 
free dipping and coating application. 
Because of their remarkable thermal 
and mechanical shock resistance, these 
““SCOTCHCAST”’ Flexible Resins should 
be considered for every impregna- 
tion, casting or dip-coating applica- 
tion where a resin cure temperature 
of 170°F. or above can be used. 


AT MINUS 50°C. aluminum pegs set at 
varying distances from rim of cake of 
“SCOTCHCAST" Fiexible Resin are so 
cold they collect moisture in the form of 
frost—yet resin is unaffected and shows 
no sign of cracking. 


For critical uses 
You can get flexible, mechanical and 
thermal shock-resistant **SCOTCH- 
cast” Brand Resins for impregnat- 
ing and/or encapsulating all such 
components as transformers, sole- 
noid coils, motor field coils, printed 
circuits, capacitors, and other elec- 
tronic units. In addition, No. 253 
can be used for specialized applica- 
tions by brush, spray, or extrusion. 


If you have special problems 3M Sales 
Engineers are ready to work for you. 
They are trained and experienced to aid 
you in improving your present insula- 
tion systems, simplifying your produc- 
tion methods, or developing new forms 
of insulations to advance your design. 
Ask your regular 3M Representative, or 
write 3M Co., 900 Bush Ave., St. Paul 
6, Minnesota. 


'ECOTOMOAST’* 1S A REGISTERED TRADEMARK OF 3m CO, ST. PAUL 6, MINN 
ERPORT, 99 PARK AVE., NEW TORE 16. CANADA: LONDON, ONTARIO. 


REG. U.S, PAT. OFF, 


SCOTCHCAST 


Electrical Resins 


Cee 


""SCOTCHCAST” Brand Flexible Epoxy Res- 
in is subjected to full force or hammer 
blow with no evidence of cracking or 
shattering. ‘“‘SCOTCHCAST”’ resiliency is 
built into resin molecule, allowing it to 
withstand extreme shocks permanently. 


"SCOTCHCAST” Offers 
Production Advantages 


“Scorcucast”’ Flexible Resins offer these 
important advantages in production line 
operations: 


1. Reduced rejection rates because of 
exceptional crack resistance. 


. Separate parts are mixed in simple 
1 to 2 ratios. 


. Long pot life . . . 4 days or more at 
room temperatures. 


. Short cure cycle—1 to 2 hours at 
250°F. 


FREE! New 28-page reference manual. 
Complete technical and application in- 
formation on epoxy resin systems. 


SEND IN COUPON TODAY 
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Minnesota Mining and EAB-5S0 Ss 
Manufacturing Company =. 
900 Bush Ave., 


St. Paul 6, Minn. 
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Please send me a copy of 
“SCOTCHCAST” ELECTRICAL 
INSULATING EPOXY RESINS 
without charge. 
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Circle 161 on Inquiry Card 


nuclear shielding, oxide-film resistors, 
thermistors, rectifiers, photoconductors, 
magnetic alloys, and chromium-bath 
additives. High Purity Metals, Inc., 340 
Hudson St., Hackensack, N. J. 


Circle 787 on postcard at end of book 


HIGH-ALUMINA AND STEATITE 
CERAMICS 


Reference Folder 42-874 has been pre- 
pared to be used either as a wall chart 
or as a desk-top reference. It contains 
three tables of information: a tempera- 
ture-conversion table; a table of 
decimal equivalents of fractions in 
increments of %4+ in.; and a table 
giving the mechanical and electrical 
properties of high-alumina and steatite 
ceramics. Reverse side of folder lists 
design considerations for ceramic pro- 
ducts. Centralab Div. of Globe-Union, 
Inc., 900 E. Keefe Ave., Milwaukee 1, 
Wis. 

Circle 788 on postcard at end of book 


STAINLESS STEELS 


Brochure entitled “The Stainless Steel,” 
covers the history of stainless steels 
from 1797 through the first large-scale 
production of stainless steels in the 
United States and in England, to the 
development of the stainless steels we 
use today. Brochure has been _ re- 
printed from the Fall 1959 Vancoram 
Review. Vanadium Corp. of America, 
420 Lexington Ave., New York 17, N.Y. 


Circle 789 on postcard at end of book 


METALLIZED CERAMIC COMPONENTS 


Bulletin M-100, one page, briefly men- 
tions the use of metallized ceramic, 
glass and mica components in prepar- 
ing an electronic insulator for perman- 
ent bonding to metal, thus permitting 
the finished assembly to be hermetically 
sealed. Included in bulletin is a 
photo of typical metallized components 
offered. Metalizing Industries, Inc., 338 
Hudson St., Hackensack, N. J. 


Circle 790 on postcard at end of book 


UNCURED EPOXY DETERGENTS 


Technical Data Bulletin 1401 offers 
descriptions of Isochemterge 1401 and 
1405. Former is volatile and flammable, 
while latter is non-flammable. Single- 
page bulletin explains that uncured 
epoxies are converted into water-soluble 
systems by detergent. Isochemterge also 
removes polyesters, vinyl resins, poly- 
urethanes, butyral, acetates, polya- 
mides, cellulosics, oil and alkyd paints, 
etc. Isochem Resins Co., 221 Oak ‘St., 
Providence 9, R. I. 


Circle 791 on postcard at end of book 


Use the handy Reader Inquiry 
Service postcards at end of book to 
secure your copy of any of the above- 
listed items. 
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production economies 
Your job...and 


with 
High Alumina 
Ceramic to Metal 
Precision 
Assemblies 


Take full advantage of the superior elec- 
trical and physical properties of High 
Alumina and Steatite ceramics. Let 
CENTRALAB provide you with complete 
assemblies. 


The specialized techniques of close toler- 
ance ceramic-to-metal fabrication are 
daily routine at CENTRALAB. You can 
eliminate production assembly problems 
and at the same time achieve superior 
products by relying on years of expert 
knowledge and unequalled facilities for 
engineering ceramics. 


CENTRALAB can handle intricate, precision 
assemblies involving machining of cer- 
amics or metals to + .00025, metalizing of 
ceramics, cementing, riveting, soldering, 
plating, and stamping. Such assemblies 
are regularly produced in their entirety — 
from raw stock—in the CENTRALAB plant. 


Write for your free copy of CENTRALAB’S 
Ceramic Design Handbook giving your 
detailed design data and complete elec- 
trical and physical specifications on High 


Improved performance plus 


Centgalab 


PUMP PLUNGER 

Length 117%", diameter ground to 
.0002” Total Indicator Reading. 
Surface finish of 10 micro-inches. 
Stainless steel epoxy bonded to 
high alumina. Similar units up to 18” 
long and 4” diameter can be made. 


VARIABLE CONDENSER SHAFT 


Precision 95% High Alumina shaft 
and silver plated brass hardware 
assembled and machined toa 
Total Indicator Reading require- 
ment of less than .002”. 


TUNER COUPLING ARM 


To hold center dimensions between 
riveted brass pivot and cemented 
phosphor bronze bushing, bushing 
is machined to a tolerance of 
+ .0005” or less. O-ring groove on 
pivot machined to .012” wide, 
—.000” -++- .002”. Machined ceramic 
screw. 


NON-FLOATING VALVE SEAT 
Comprised of ceramic cone with 
surface finish of 3-5 helium light 
bands brazed to machined and 
copper plated bushing. After assem- 
bly, Total Indicator Reading of 
ceramic cone is less than .005”. 


CONTACT ROTOR ASSEMBLY 

With riveted and soldered contact 
arm. Nickel plated brass bushing 
soldered to metalized ceramic. Tol- 
erance —.000” -+- .001”. on I.D. of 
bushing after slotting. 


um 
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Alumina and Steatite ceramics. 


ntsalab 


VARIABLE RESISTORS + ELECTRONIC SWITCHES + PACKAGED ELECTRONIC CIRCUITS + CERAMIC CAPACITORS + ENGINEERED CERAMICS 


The Electronics Division of Globe-Union Inc. 
962E E. KEEFE AVE. e MILWAUKEE 1, WIS. 
In Canada: P.O. Box 400, Ajax, Ontario 
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Carl Sundberg and Montgomery Ferar 
joined fortunes in 1934 and since have 
had a great influence on improving 
the design of mass-produced consumer 
and industrial products. 


One of the largest of the nation’s 
recognized design firms, they have put 

their talents to work on hundreds of 
nationally known products ranging from 
pencil clips to heavy-duty motor trucks 

and electronic computers. Recognized 
leaders in the design of electrical appliances, 
they are permanently retained 

by many of America’s best known 
appliance manufacturers. 


Sundberg-Ferar 
designs a unique, 


portable kitchen caddy with wonderful...: 


@ Sharonart® is truly the designer’s metal. 
Evidence of this fact is this modern kitchen 
caddy designed in Sharonart® by Sundberg- 
Ferar, one of the oldest, largest and most 
successful industrial design firms in the United 
States. 

The portable caddy permits complete cook- 
ing facilities anywhere inside or outside of the 
home. To make sure it would be able to absorb 
the punishment of daily use, yet stay bright 
and clean,Sundberg-Ferar designed the cabinet 
and working areas in patterns of Sharonart® 
Stainless. Wood grain Sharonart® steel panels 
at each end give the furniture-look that blends 
with other home furnishings. 

The textured beauty of Sharonart® can be 
produced in an almost limitless number of 
patterns. This permits easy model changing. 
It’s easy to clean and will not show wear. It 
can be painted, plated, or vinyl coated with 
beautiful results. Is it any wonder that more 
and more of the leading designers are turning 
to modern Sharonart® for modern product 
design? Sharon Steel Corporation, Sharon, Pa. 


About the portable kitchen caddy: This is a design only, 
produced to show the tremendous utility of Sharonart®. 
All the seemingly built-in utensils are self-energized, 
and can be plugged into any electrical outlet as well as 
being used with the caddy itself. The rotisserie has 
vertical elements that can be moved closer together for 
the smokeless vertical broiling of steaks. All utensils are 
removable and can be used at the dinner table for gourmet 
cooking. Plenty of workspace is provided for complete 
meal preparation right at the caddy. 
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A staff compilation of the latest developments . . 
in electrically operated end products . . . 


New MATERIALS 


. screened for design-in use 
complete with all released specifica- 


tions and available application data. Where applicable, Design Engineering 
Show booth numbers are appended. 


SINGLE-COMPONENT FLUID 
SILICONE RUBBER 

Silastic RTV 731 cures or vulcanizes 
at room temperature. On exposure to 
air, surface of material forms a tack- 
free skin in less than 1 hr; material 
beneath skin cures to solid rubbery 


mass in 24 hr. Illustration shows sili- 
cone rubber 24 hr after being applied 
directly from its container to aluminum, 
silicone rubber, glass, silicone-glass 
laminate and Teflon surfaces. Typical 
properties of cured elastomer in Y-in. 
thick durometer hard- 
ness, Shore A, 25; tensile strength, 200 
psi; elongation, 250 per cent. Dow 
Corning Corp., Midland, Mich. (Booth 
1915) 


cross section: 


Circle 501 on postcard at end of book 


DELRIN ACETAL RESIN 


Thermoplastic material is available in 
extruded rods with 3-in. diam. Du Pont 
Delrin rods have hard glossy surface 
with low coefficient of friction. Other 
properties: good dimensional stability. 
good abrasion resistance, high fatigue 
endurance limit, low dissipation factor 
and dielectric constant over a wide 


range of frequencies at normal and 
elevated temperatures, as well as low 
moisture absorption and low permea- 
bility. May be machined (similar to 
free-cutting standard ma- 
chine-shop equipment. Delrin can be 
blanked and punched. Garlock Packing 
Co., 441 Main St., Palmyra, N. Y. 
(Booth 2206) 

Circle 502 on postcard at end of book 


FLAME-RESISTANT 
MATERIALS 


Phenolite laminated plastic, XXXPC- 
476, combines cold-punching XXXPC 
properties with flame resistance. De- 
signed primarily for printed circuits 
where it can replace epoxy-paper ma- 
terials in applications as computers, 
telephone equipment, and military elec- 
tronics. 

Anilite (illustrated), a moisture-re- 


brass) on 


sistant vulcanized fiber, meet UL re- 
quirements for insulation of current- 
carrying parts in electrical equipment. 
It has toughness, impact strength, and 
formability of vulcanized fiber com- 
bined with low water absorption, high 
electric strength, and flame resistance. 
applications are circuit- 
breaker barriers, transformer barriers, 
wiring devices and switch parts. Illus- 
tration shows formed part and punch- 
ing. National Vulcanized Fibre Co., 
Maryland Ave. & Beech St., Wilming- 
ton 99, Del. (Booth 1913) 


Circle 503 on postcard at end of book 
BERYLLIUM OXIDE CERAMIC 


High-purity beryllium oxide ceramic 
characteristics (for 100-per cent dense 
body) are: melting point, 2570 C; 
hardness, 9 on Moh’s scale; specific 
gravity, 3.008 gm/cc. Above 2000 F, 


Suggested 


beryllium oxide is strongest known 
ceramic. Thermal conductivity at nor- 
mal temperatures approaches that of 
brass, while material is electrical in- 
sulator. Thermal shock resistance said 
to be better than any other known 
ceramic. Normally furnished with high- 
fired surface which is dust-free, ceramic 
is available in virtually any shape, 
lengths to 24 in. and width and thick- 
ness to 5 in., as-fired, or ground or 
otherwise machined to specifications. 
National Beryllia Corp., 4501 Dell Ave., 
North Bergen, N. J. (Booth 308) 

Circle 504 on postcard at end of book 


SHIELDING GASKET 
MATERIAL 


High - temperature conductive and 
shielding gasket material, Alu-Flex 
H.T., has a temperature range from 
—65 to +500 F. Material is silicone 
rubber with aluminum mesh developed 
to prevent r-f energy from escaping 
at joints in closed containers while also 
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a Story that’s hard to believe... but true! 


A well-known manufacturer of appliances had 
excessive trouble with the magnet wire he was 
using to wind his motor armatures. In an effort 
to cut down on rejections, he switched to Belden 
Nylclad Magnet Wire. Result: Not a single rejec- 
tion out of a 30-day run of over 40,000 armatures. 
Such a record would not have been possible 


Other Belden Magnet Wire: 


mT 


WIREMAKER FOR INDUSTRY 
SINCE 1902 
ther NSA e) 


*Belden Trademark 
Reg. U.S. Pat. Off. 


1-2-0 


MAY 1960 


without a shop using the most modern winding 
techniques and without operators who take a real 
pride in their work! Belden Nylclad Magnet Wire 
is ideal for motor stators and rotors, encapsulated 
control coils, relays, toroids, and random and 
deep windings. Nylclad gives the best windability 
. . has the toughest film coating. 


one wire source for everything 
electrical and electronic 
lead wire « power supply cords « cord sets « portable cordage « 


electronic wire « control cables « automotive replacement 
wire and cable « aircraft wire 





VARFLEX 


... the flexible, insulating 


SLEEVING and TUBING 


used by leading American manufacturers 


Varflex Corp. factory in Rome, N.Y 


Pick any combination of characteristics, and there is a Varflex 
sleeving or tubing to meet them. In the toughest applications of all — 
in jet plane components which must operate efficiently at temperatures 
ranging from —85° to 500°F. — Varflex has proved its reliability again 


and again. 


Any or all of the following characteristics are available in the 


degree that fits your application: high dielectric retention . 
. . high tensile, mechanical or impact strength. . . 


thermal stability . 


non-interference with magnetic field . 


. high 


. . excellent resistance to oil, 


grease, alkali, acid, heat, pressure, vibration. 


Choose from the World’s MOST COMPLETE LINE 


Varglas Silicone Rubber Tubing. Class H-A-1. The 
ultimate in flexibility, yet dielectric protection 
to 8000 volts. Class H-B-1 (4000 volts) available, 
also. Continuous exposure from minus 70°F. to 
400°F. does not affect coating or braid 


Varglas Silicone Rubber Sleeving. Made in Class 
H-C-1 (2500 volts) and Class H-C-2 (1500 volts) 


Varglas Silicone Resin Tubing. Class H-A-1 is rec- 
ommended for applications requiring extremes of 
heat endurance and high dielectric strength (7000 
volts). Class H-B-1 is identical except for dielectric 
guarantee (4000 volts). Good abrasion resistance 


Varglas Silicone Resin Sleeving. Made in Classes 
H-C-1 (2500 volts), H-C-2 (1500 volts) and H-C-3 


Silflex Sleeving. A light coating of Silicone resin 
on fiberglas braid. Extremely flexible within a 
temperature range from minus 85°F. to 500°F 


Varglas Silicone Lead Wire. Made from solid or 
stranded wire covered with one or more walls of 
Fiberglas braid and impregnated with Silicone 
resin 


Varglas Silicone Tying Cords. Continuous filament 
Fiberglas cords impregnated with Silicone resin 
14” to 14” diameter. Specify dry cure or tacky cure 


Varfil Tubing and Sleeving. Fiberglas braids im- 
pregnated with polyester resin. Four grades avail- 
able in coils as well as 36” lengths in most sizes 
In a class by itself because of its toughness, 
flexibility, high temperature resistance and ability 
to withstand bending and twisting without dielec- 
tric loss. Compatible with varnish 


Varflo Tubing and Sleeving. Class B insulation. For 
those who need flexibility, solvent, oil and moisture 
resistance, and yet do not require Class H insula- 
tion. Will pass the NEMA heat endurance test of 
15 minutes at 425°F. Also passes 300 hours at 
300°F. Varflo has good shelf life and will not lose 


FREE... write for our free booklet 


containing test samples of our products. 


 VARFLEX 
, CORPORATION 


dielectric strength when subjected to severe 
twisting 

Varglas Varnished Tubing. Flexible continuous 
coatings of flame resistant varnish built up over 
Fiberglas braid in eight or more carefully con- 
trolled operations 

Varglas Varnished Sleeving. NEMA Classes B-C-1 
B-C-2, and B-C-3 are similar except for dielectric 
strength 

Varglas Non-Fray Sleeving—Type H. The normal- 
izing treatment given the Fiberglas braid removes 
the organic impurities and tends to hold the 
individual filaments together. May be subjected to 
temperatures as high as 1200°F. Recommended 
for applications where dielectric requirements are 
not of prime importance. Resists fungus and 
is non-corrosive 

Varglas Non-Fray Sleeving—Type HO. Has a very 
light treatment of resin after the braid has been 
normalized—just enough to hold the sleeving 
round for accurate cutting. Will distend to cover 
soldered joints or terminals. Available in eight 
colors, sleeving unaffected up to 1200°F 
Varglas Litewall Sleeving. Wall thicknesses of 
008” and .006” available untreated or treated. 
Syntholvar Extruded Tubing. Several formulations 
of vinyl polymers. All have high dielectric and 
tensile strength. Will not support combustion nor 
absorb moisture. Smooth surface, thin wall and 
flexibility all make for ease inassembling operations. 
For installations where temperatures of 105°C 
must be withstood. Also will function at temper- 
atures down to —65°C. Specify fungus resistant 
tubing where needed 

Varflex Cotton Tubing. Furnished with lacquer or 
varnish as the impregnant. Braided from long 
staple cotton yarns. Four standard NEMA grades 
Varflex Cotton Sleeving. Available in three NEMA 
grades, Classes A-C-1, A-C-2, and A-C-3 


larfles: 


CORPORATION | 


Makers of } 
Electrical Insulating 7 
Tubing and Sleeving —_/ 


504 W. Court St., Rome, N. Y. 


Circle 165 on Inquiry Card 


providing positive air and fluid sealing. 
Available in 0.015 and 0.020 in. thick- 
nesses. Auburn Mfg. Co., Middletown, 
Conn. (Booth 1505) 

Circle 505 on postcard at end of book 


NYLON FORMULATION IN 
TUBULAR BARS 


Type MC nylon tubular bars are now 
available in outside diameters ranging 
from 2 to 15 in. and prices below stand- 
ard types of nylon. Wall thicknesses 
of 34, %. 34 and 1 in. are standard, 
while wall thicknesses to 2 in. can be 
made to order. Standard length is 8 


in. for ID under 1% in. and 13 in. 
for larger sizes. Tubular bars may be 
used as lubricated sleeve bearings for 
pv (load per unit area times shaft 
surface speed) values up to 50,000 in 
continuous service, and to 5000 pv as 
unlubricated bearings. In either case, 
total load-bearing capacity is limited 
to 500 to 1500 lb/sq in. of projected 
area, depending on use. Tubular bar 
stock will also find use as gears, thrust 
washers, seals, valve seats, and in other 
applications. Polymer Corp. of Pa., 
Reading, Pa. (Booth 1513) 

Circle 506 on postcard at end of book 


FEP-FLUOROCARBON RESIN 


Teflon 100 can be extruded or molded 
in thermoplastic processing equipment. 
Parts fabricated from fully fluorinated 
copolymer capable of continuous serv- 
ice at temperatures up to 400 F and 
higher under some conditions. Volume 
resistivity is greater than 2 1018 
ohm-cm, even after prolonged water 
soaking. Resin will melt when exposed 
to arc but does not carbon track. 
FEP-fluorocarbon resin is resistant to 
all known chemicals and solvents other 
than alkali metals under certain con- 
ditions, chlorine at elevated tempera- 
tures, and certain halogenated com- 
pounds. Films of resin exhibit no 
porosity and low permeability to acids, 
bases, solvents, and moisture vapor. 
Over temperatures from —450 to 
|-440 F, parts molded of Teflon 100 
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non-combustible...meets new fire codes 


The Guth Gratelite Louver Diffuser, molded in 2’ x 2’ modular units, provides a 
ceiling of glareless, shadowless light. But it is necessary that it be non-combustible 
in order to meet certain fire code ordinances. 

This intricate molding problem was solved by the development of a special 
thermosetting urea plastic which would flow easily for the compression molding of 
the 3%" cubical openings and still retain the required light diffusion qualities. 

Approved by Underwriters Laboratories, accepted and recommended by archi- 
tects and lighting engineers, the Guth Gratelite Louver Diffuser is meeting with 
tremendous success. 


This is another CMPC “White Gloves" molding. For maximum protection 
against material contamination, this product was molded under highly con- 
trolled production conditions involving special dust control measures and a 
protective materials handling system. This is another example of CMPC’s 
specialized techniques and facilities for producing the best in molded plastics. 


CMPC 


CHICAGO MOLDED PRODUCTS CORPORATION 
1020 E North Kolmar Avenue 
Chicago 51, Illinois 





THESE ARE SPRAGUE’S TWO OUTSTANDING 


HIGH-TEMPERATURE MAGNET WIRES 


FOR CONTINUOUS OPERATION AT 
" HOTTEST SPOT TEMPERATURES 
up 10 200°C 


Tet 
: 
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FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 
up 10 250°C 


~s 
CERAMIC SINGLE-SILICONE 


CERAMIC SINGLE-TEFLON 


CERAMIC MEAVY-TEFLON 


ENLARGED CROSS-SECTIONS OF CEROC® COPPER MAGNET WIRE 


Sprague offers you a choice of 2 
truly high temperature magnet 
wires: For continuous operation 
at hottest spot temperatures up 
to 200°C (392°F) and up to 
250°C (482°F) for short periods 
of time—depend upon TETROC 
—an all Teflon-insulated wire 
available in both single and 
heavy coatings. 

CEROC is Sprague’s recommen- 
dation for continuous operation 


SPRAGUE ELECTRIC COMPANY 


307 MARSHALL STREET, NORTH ADAMS, MASS. 


at hottest spot temperatures up to 
250°C (482°F) and up to 300°C 
(572°F) for short periods of time. 
Ceroc has a flexible ceramic base 
insulation with either single sili- 
cone or single or heavy Teflon 
overlays. The ceramic base stops 
“cut-through” sometimes found in 
windings of all-fluorocarbon wire. 
Both Tetroc and Ceroc magnet 
wires provide extremely high 
space factors.* * *& * * 


FOR COMPLETE DATA 
WRITE FOR ENGINEERING 
BULLETIN 405 (TETROC 
WIRES) 400A (CEROC 
WIRES). 


STS 


THE MARK OF RELIABILITY 
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resin retain mechanical toughness and 
strength and resin is said to have more 
impact resstance than any other known 
plastic at low temperatures. Static co- 
efficient of friction, 0.09, approx; dy- 
namic coefficient, 0.4, approx. FEP 
resin is more transparent than TFE 
resins at equal thickness. E. I. du Pont 
de Nemours & Co., Inc., Wilmington 
98, Del. (Booths 1421, 1520) 

Circle 507 on postcard at end of book 


EPOXY ADHESIVE 
Two-part adhesive PA-1042 hardens 
within 3 to 4 hr at room temperature. 
Epoxy resin-hardener material may be 
used on metal, glass, tile, concrete, 
wood. Objects to be adhered are pressed 
together for 5 to 10 sec to allow initial 
tack. Permacel, New Brunswick, N. J. 
(Booth 933) 

Circle 508 on postcard at end of book 


VINYL LAMINATE 

PATTERNS 

One of many available Colovin vinyl 
patterns for lamination to metal is il- 
lustrated. This pattern is designated 


“Tessara”. Columbus Coated Fabrics 
Corp., Seventh at Grant Aves., Colum- 
bus 16, Ohio. (Booth 533) 

Circle 509 on postcard at end of book 


PAPER-BASE LAMINATE 


Grade FR-3 laminate is a flame-retard- 
ant version of Grade EP-22 laminate 
with an Alpha paper filler impreg- 
nated with epoxy resin, and comes in 
sheets and strips in thickness range 
from 1/32 through 4 in. Sheet sizes 
for the new: grade are 36 x 36 and 36 
x 72 in. Self-extinguishing Grade FR-3 
has excellent electrical characteristics 
over a range of humidities and tem- 
peratures, and possesses low cold flow, 
high flexural and impact strength, and 
can be punched at room temperature. 
For printed-circuit applications. Syn- 
thane Corporation, Oaks, Pa. (Booth 

1126) 
Circle 510 on postcard at end of book 
(Continued on page 124) 
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Moisture-resistant and low cost Dilecto cams 
for automatic washer and dryer controls. 


MAY 1960 


BESIGNIBROBIEKS 


HEAT RESISTANCE 


A 5000° flame has not penetrated a one-quarter- 
inch piece of CDF’s new Dilecto RD-105 laminate 
after ten minutes. The same thickness of cold- 
rolled steel is pierced in less than forty seconds. 


Molded from graphite fabric impregnated with a 
heat (ablation)-resistant phenolic resin, new CDF 
grades RD-105 and RD-115 are being evaluated in 
solid propellant rocket motors. 


Dilecto laminates are only one family of products 
from industry’s largest selection of non-metallic 


structural materials and electrical insulations. 
Vulcanized fibre, silicone rubber, mica, Teflon*, and 
thermosetting moldings are also supplied by CDF. 


CDF can provide both quality and true economy 
in selecting plastic materials best suited to your 
needs. Refer to SWEETS PD file or write to us for 
General Folder 60. 


*DuPont trademark 


CONTINENTAL-DIAMOND FIBRE 


® A SUBSIDIARY OF THE -Aw4/ COMPANY ¢NEWARK 13, DEL. 


Dimensionally stable, light weight, oil-resist- 
ant Dilecto ball bearing retainer rings. 


Easily fabricated paper-base, punching 
grade Dilecto precision switch insulators. 


& 
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The Amplexologist is not adverse, at times, to 
using a little hard sell. Especially when he’s talk- 
ing to a hard-headed prospect. Like the manu- 
facturer whose ideas about powder metallurgy 
seem to be based on information he picked up 
second hand in, maybe, 1935. The Amplexologist, 
you see, resents being told—‘‘Jt won’t work, it 
can’t be done’’—when he’s doing it. 


Ergo: Dump a few hard facts in the man’s lap. 


For example: pulleys, sprockets, cams, gears 
... in dozens of combinations of sizes and shapes. 
Parts that ‘“‘couldn’t. be made” out of powder 
metal. Parts that Amplex—with new techniques, 
new alloys, advanced density control—7is mak- 
ing today. Take a look! 


Well, credit where credit is due. Most manu- 
facturers, we’re happy to say, are ready to revise 
their ideas after the Amplexologist submits the 
facts. Their openmindedness has saved them 
thousands of dollars. They like that. We like it, 
too. It has helped make us the world’s largest and 
most experienced producer of powder metal parts. 
It’s one reason sO many manufacturers say: 
When it comes to powder metallurgy —Amplex 
has the answer. 


LIKE TO LOOK ATA 
FEW HARD FACTS YOURSELF? 


The part shown is a pulley. Amplex 
makes it in one piece. A precision part 
that requires no machining—not even 
of the V groove. This is one example. 
The Amplexologist will be happy to 
load his brief case, come to your office 
and show you many more. Could open 
your eyes to the possibilities of 
advanced powder metallurgy (i.e. 
Amplexology). Might save you some 
money, too. 


_ SEND COUPON ... if you'd like to talk over 
= your product with the Amplexologist. Don't hesi- 
= tate. He’s always happy to get out of the office. 


HNN LULL = (NN A 


i 


_ AMPLEX DIVISION * CHRYSLER CORP. « Dept £5 — 
_ P.O. Box 2718 « DETROIT 31, MICH. 


= Please have the Amplexologist call to look into the © 
— possibility of using powder metal parts in our product. — 
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UNRETOUCHED 
PHOTOGRAPH 


8924-SK 


PRECISION SPLICING ov \ TALWART 


ASSURES HIGH-STRENGTH BOND 
PLUS UNIFORM APPEARANCE 


Don’t worry if you can’t see these splices! Stalwart’s exclusive 
**Hi-Tensile Bonding’’ technique makes them almost impercep- 
tible...assures fail-safe performance plus a smooth, neat joint! 
Using the most advanced automatic splicing equipment, 
Stalwart extrudes, cuts and splices seals and gaskets from all 
types of natural and synthetic compounds. Typical applications 
include critical components for aircraft/missile and ground 


support equipment as well as bumpers, guards, range door 
gaskets and similar parts. Produced to meet customer specifica- 


tions, extruded parts are spliced with cross-sectional diameters 


ranging from lj" to 214”. Write today for complete information. 


Send for your copy of the new 

Stalwart Catalog today! 
THE WORLD’S LARGEST PRODUCER OF 
SILICONE CUSTOM RUBBER PARTS 


TALWART 


RUBBER COMPANY 
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197 Northfield Road 
Bedford, Ohio 
Stalwart subsidiaries : 
Jasper Rubber Company 


Warren Mohied Plastics, 
lac. 








MULTICOLOR EXTRUSIONS 


Any combination of two opaque or 
translucent colors, or crystal-clear plus 
any color, can be specified for extru- 
sions of thermoplastic materials. The 


(4h 4, f 
tod 


second color portion is not thin surface 
effect but au integral part of extrusion, 
several thousandths of an inch thick. 
“Twin-Tint” extrusions are made to 
specifications in most thermoplastics. 
Anchor Plastics Co., 36-36 36th St., 
Long Island City 6, N. Y. (Booth 2103) 
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SELECTIVE, LOCALIZED 
PLATING 


Dalic process plating solutions are non- 
cyanide with a pH ranging from four 
to nine, relatively neutral. Various plat- 
ing solutions, including precious metal, 
are available. Solutions permit brush 
plating selected areas without extensive 
masking. Deposition is rapid and of 
high quality. Marlane Development Co., 
Inc., 153 E. 26 St., New York 10. 
(Booth 320) 
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LAMINATED PLASTICS TRIM 


Aluminum foils. laminated between 
sheets of clear plastic, are available in 
various standard profiles and may be 
supplied in special profiles and unusual 


metallic finishes. Moldings may have 
satin or bright finishes of gold, brass, 
copper or chrome. May be flexible or 
rigid. Glass Laboratories, Inc., 863 65 
St., Brooklyn 20, N. Y. (Booth 1107) 
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MOISTURE-RESISTANT ROD 
INSULATION 


Type 800 rod maintains good dimen- 
sional stability under conditions of high 
moisture and has found applications 
as insulation pins in temperature-con- 
trol dials of small household appliances 
which must be washed or come in con- 
tact with water frequently. Material 
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ROEBLING MAGNET WIRE 


lives up to your reputation. 


When the switch is thrown, magnet wire 
carries the responsibility of upholding your 

) reputation. 
Wherever it’s used 
generators, transformers and motors to tiny 
coils— Roebling Magnet Wire provides an 


in everything from 


extra increment of dependability. That’s because, in every 
one of its scores of sizes and types, it is skillfully made of 
prime ingredients, then stringently inspected and tested. 


You pay no more for this wire— yet it lets you give your 


customers more, in terms of satisfying performance. What's 
more, you choose the packaging that’s right for your product 
and production. A copy of Roebling’s useful, new Magnet 
Wire Fact Book is yours for the asking. Write Electrical 
Wire Division, John A. Roebling’s Sons 
Trenton 2, New Jersey. 


ROEBLING é) 


Branch Offices in Principal Cities 


Corporation, 


tent 
Subsidiary of The Colorado Fuel and Iron Corporation ia 
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ACTUATES ANOTHER PRECISION PRODUCT 


QP QUICKLAG 
CIRCUIT BREAKER 


CIRCUIT BREAKER 
FEATURES 


Calibration Screw 
Bi-Metal Thermal Element 
Current Flow Path 
Load Terminal 
Magnet Spring Cushion 
Hi-Current Magnets 
Flexible Current 

Carrying Pig-Tail 
Cold Cathode Arc 

Cooling Chamber 
Cooling Fins 
Line Side Plug on Contact 


Electro-Welded 
Non-Freezing Contacts 


Tumbling Contact Lever 


Quick Make and 
Quick Break Spring 


Safety Kick Lever 
Operating Handle 
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A PRODUCT OF 
FRANK ADAM ELECTRIC CO 
MAIN P.O. BOX 357, ST, LOUIS, MO 


One of the outstanding features of the Frank Adam Quicklag Circuit 
Breaker so well illustrated above is the thermal magnetic trip mechanism. 
It will not trip on temporary overloads. On sustained overloads beyond 
the safe limit of the wire, the Chace Thermostatic Bimetal element (2) 
will deflect, causing the breaker to trip. On heavy overloads the deflection 
of the bimetal reduces the air gap of the magnetic element (5,6) increasing 
pull of the fixed magnet, resulting in a cooperative action which trips 
the breaker. Under short circuit conditions, instantaneous tripping is pro- 
vided by the magnetic elements. Other features are clearly shown above. 


When a manufacturer claims “unsurpassed safety in dependable and 
positive circuit protection for loadcenters, panel boards and individual 
mounting,"’ he pays Chace the ultimate compliment—for the Chace 
Thermostatic Bimetal element is the “‘heart’’ of his widely accepted 
equipment. Little wonder that every Chace department and worker, 
.from the development laboratory and its technician to the shipping 
department and its meticulous packer, strive for perfection. They know, 
as do the most critical buyers in industry, that the manufacturer's name 
on the “outside” is safe with Chace on the “inside.”’ Over a third of a 
century devoted to bimetal development and production is Chace’s 
assurance to those buyers that their judgment is sound. 


Chace offers over 30 types of bimetal, in strips, coils or completely 
fabricated elements of customers’ designs. When your new temperature- 
actuated device approaches the design stage, send for our booklet, 
“Successful Applications of Chace Thermostatic Bimetal,’’ containing 
many pages of valuable engineering and design data. 


W. M. CHACE CO. 
Thevnostalic Bimetal 


Ue ee eee 
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available in bulk form of either linen 
or paper base, or can be fabricated to 
dimensions. Specifications for 44-in, 
diam samples (paper base and linen 
base, respectively): water absorption, 
0.46 and 0.42 per cent; specific gravity, 
1.35 and 1.37; fiexural strength, 28,000 
and 26,000 psi; tensile strength, 16,700 
and 21,000 psi; compressive strength 
axially, 24,000 and 30,000 psi; Charpy 
impact strength, 0.25 and 0.38 psi. 
Spaulding Fibre Co., Inc., 310 Wheeler 
St.. Tonawanda, N. Y. (Booth 1016) 
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MEDIUM SOFT GREASE WITH 
ANTI-WELD PROPERTIES 


Anderol L-751 is a mixture of a ther- 
mally stable silicone oil with a solid 
lubricant blended to the consistency 
of a medium soft grease. Thermal sta- 
bility and anti-weld properties meet re- 
quirements for high-temperature ranges 
of 400 to 600 F. Evaporation at 400 F, 
1.8 per cent; apparent viscosity, 1325 
cps at 77 F, 475 eps at 210 F; molyb- 
denum disulfide content, 49 per cent; 
sodium nitrate content, 0.13 per cent. 
Lehigh Chemical Co., Industrial Lu- 
bricants Div., Chestertown, Md. (Booth 
1500) 

Circle 515 on postcard at end of book 


ELECTRICAL CONTACTS 

Type 710 electrical contacts, cold-head- 
ed directly from sintered silver-cadmium 
oxide wire in rivet form, are now avail- 
able. Sintered silver-cadmium oxide has 
high electrical conductivity, high re- 
sistance to sticking and welding, and 
good resistance to are erosion. Advan- 
tages of contacts are uniform dispersion 
of cadmium oxide throughout silver 
matrix, uniform electrical conductivity 
for all parts and batches. and uniform 
ductility. Electrical conductivity of ma- 
terial runs 84 to 88 per cent I. A. C. S. 
Contacts are said to cost no more than 
common oxidized variety. Judson L. 
Thomson Mfg. Co., Sawyer Rd., Wal- 
tham 54, Mass. (Booths 625, 724) 
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1-MIL TEFLON TAPE AND 
ABRASION-RESISTANT TAPE 


One-mil tape in skived TFE-fluorocar- 
bon resin is being offered for wire in- 
sulation. Tape is furnished in widths 
from %g to 12 in. within a thickness 
tolerance of 0.0002 in. Electric 
strength is 3800-4200 volts. Tensile 
strength is 300 psi min, and elongation 
250 per cent min. Tape shows no more 
than 2 per cent change in dimensions 
after 15 min at 730 F. Tape, a skived 
form of reinforced TFE-fluorocarbon 
resin, is available in thicknesses from 
0.004 in. up and widths from 14 to 12 
in. Tape is recommended where extra 
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The Temperature-Sensitive 
Metal for Air Conditioning 


THERMAL CONDUCTIVITY 


Copper and the low-zinc brasses offer 
outstanding heat transfer rates. 
Hussey Copper and brass products 
have been recognized thermal mate- 
rial for 111 years. 


STRENGTH 


High-zinc brasses, nickel silvers, sili- 
con bronzes and phosphor bronzes 
can provide tensile strength of up to 
105,000 psi. 


JOINING 


Hussey Copper and copper alloys 
lend themselves readily to soldering, 
brazing or welding by a variety of 
methods. 


CORROSION RESISTANCE 
There's a Hussey copper alloy to meet 
most every corrosion problem; chem- 
ical, heat exchanger, processing 
ee refrigeration apparatus, 


FORMING FACILITY 


Hussey Copper has excellent hot and 
cold workability characteristics. 
Whether you bend, stamp, spin or 
machine, there's a Hussey copper to 
do your job. 


BEAUTY FINISH 
Hussey copper is an attractive dec- 
orative material itself. It takes plating, 


anodizing, porcelain enamel and 
many kinds of finishes economically. 


4. sc. G. HUSSEY & CO. 


(Division of Copper Range Co.) 
Rolling Mills and General Offices 
i tthe PITTSBURGH 19, PA. 
5318 oS. Avenue 


Meta Drive SEVEN FULLY STOCKED WAREHOUSES 
3900 N. Elston Avenue 
. LOUIS (1) Globe Democrat Building 
PHILADELPHIA (30) 1632 Fairmount Avenue 
NEW YORK, LONG ISLAND 
CITY (6) 34-39 Thirty-first Street 


PITTSBURGH (19) 
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HYSOL epoxy Compounds can solve 


your insulation problems 


For over a decade HYSOL chemists and engineers have 
been helping manufacturers solve unique and intricate 
problems of insulation. As a result of this experience, 
Hysol has developed a complete line of epoxy encapsu- 
lating compounds. For superior insulation, for outstanding 
moisture, chemical and abrasion resistance, for dependable 
performance . . . there’s a Hysol epoxy to meet your 


specifications. Write for the HYSOL “Systems Selector.” 


IV. 
ore** tp mo 
°o ° 
% 

- 


¢ 
© 
HYS L CORPORATION ¢ OLEAN, NEW YORK 


4 é Formerly Houghton Laboratories, Inc. 
? 


Oy, y HYSOL OF CALIFORNIA 
fica © 


Los Angeles, California 


HYSOL (CANADA) LTD. 
Toronto, Ontario 
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abrasion resistance is required with- 
out increase in usually specified wire 
diameters. Best results obtained with 
Teflon primary insulation, reinforced 
resin tape on top of primary, and outer 
layer of braided glass fiber impreg- 
nated with Teflon. A 20 AWG wire con- 
structed as above to finished OD of 
0.091 in. provides min of 36 in. abrasion 
resistance when tested according to 
MIL-T-5438. After heat aging 96 hr at 
750 F, abrasion resistance increases by 
20 per cent and electric strength by 
1200 volts. Plastics Div., Dixon Corp., 
Bristol, R. I. (Booth 1206) 
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CONNECTOR POTTING AND 
JUNCTION MOLDING 
COMPOUND 


TC-447 is a two-part transparent epoxy 
resin which, when properly applied, 
meets or exceeds applicable military 
specifications and permits visual inspec- 
tion of cable junctions and connections, 
both during manufacture and at any 
time during subsequent use. Applica- 
tions include potting electrical con- 


nectors; harness junction molding; re- 
pair of damaged neoprene, rubber or 
plastics cable jackets; manufacture of 
cables; instrument case sealing. Electri- 
cal properties: dielectric constant, 3.2; 
electric strength, 1500 vpm; insulation 
resistance, 10'* to 10'* ohms; arc re- 
sistance, 80 sec. Adheres to metal, wood, 
ceramic, paper, plastics. Two-part com- 
pound has low viscosity and high re- 
sistance to abrasion. Electronic Produc- 
tion and Development, Inc., 501 No. 
Prairie Ave., Hawthorne, Calif. 

Circle 518 on postcard at end of book 


LAMINATES AND BANDING 
TAPE 


Glass-mat-reinforced polyester lamin- 
ates for use in electrical apparatus re- 
tain their physical properties to 130 C, 
and exceed NEMA GPO-1 requirements 
for plastics laminates. Material avail- 
able as thick plate, angle, or sheets. 

Thick-wall, paper-base tubing Grade 
20005 is said to be crack-free in wall 
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aluminum welding 
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the year ’round... 


One of series illustrating how General Plate Clad Metals help uncover new horizons in one of many fields of engineering accomplishments: REFRIGERATION 
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Aluminum to Copper to 


copper welding 


Aluminum Metallurgically 
bonded to copper 


ALCUPLATE® (aluminum clad copper) tab- Among the important 
ricated into tubing connector solves me- Contributions to the suc- 
chanical joining problem. Aluminum and + ‘ ‘ 
copper are metallurgically bonded and per- cess of refrigeration is the 
copper welding for a corrosionree ma. use of ALCUPLATE® 
(aluminum clad copper) 
fabricated into a tubing connector. In this small part 
composed of clad metal, the advantages of welding 
copper to copper and aluminum to aluminum are com- 
bined to create a perfect corrosion-free seal. This 
makes it possible to eliminate galvanic corrosion and 
subsequent leakage resulting from 
bonding copper and aluminum tubing 


using cold welding techniques. 


1905 FOREST STREET - 


New Products made with New Materials... 


New Processes... 
USED IN NEW AND DIFFERENT WAYS 


General Plate Alcuplate is but one of over 400 
different combinations of clad metals available which 
are finding wide use in industry after industry. New 
combinations are being developed constantly. 

No matter what your metal problem, it will pay you 
to consult with Metals & Controls Division Engineers. 
Their vast experience in cladding precious to base or 
base to base metals can overcome your metals en- 
gineering problems with multiple property require- 
ments ... often reduce costs, too. Write today. 


“~ TEXAS INSTRUMENTS 


INCORPORATED 
METALS & CONTROLS DIVISION 
ATTLEBORO, MASS. 


General Plate Products: Ciad Metals + Electrical Contacts « Truflex@—Thermostat Metal «* Gold, Silver, Platinum and other Precious Metal Products 
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thicknesses to 1 in., and conforms to 
NEMA Grade XXX and MIL-P-79B 
Type PBE requirements. Short-time 
CVSSROOSeR SoCo CS SSS CO SEESESESOEEE electric strength, 500 vpm; dissipation 


factor, 0.045 at 1 me. 
Class B polyester-treated glass band- 
WwW M A C M ing tape for rotating apparatus has 
A N E A N Y- P U R P 0 5 E E W R E ultimate and yield strengths of 140,000 
psi. Electric strength, 400 vpm. West- 


| inghouse Electric Corp., Micarta Div., 
Specify #175—Class F—155°C —— ee ee 
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neg ne — when — LOW-LOSS CERAMIC 
wi compatible varnishes, is suit- INSULATOR 


able for Class F lications. 
aw AlSiMag 243 has a high coefficient of 


: | expansion which matches metals at the 
ACME Isonel Wire +175 has all the expense of heat-shock resistance. Char- 
properties of Formvar Wire PLUS. | acteristics: water absorption, 0 to 0.02; 
without increase in cost. | safe temperature at continuous heat, 


ACME Isonel Wire +175, when used 
with ACME +150 varnish, is suit- 
able for Class B applications. 


THE ACME WIRE COMPANY 
NEW HAVEN, CONN. hh 


MAGNET WIRE @ COILS @ VARNISHED INSULATIONS nem 1000 C; hardness (Mohs’ scale), 7.5; 


INSULATING VARNISHES AND COMPOUNDS “erm a oe “em Pe we 
2 X 10° at 25 to 7 1; electric 
strength (step 60 cps) for 14-in. thick 
disk, 240 vpm; volume resistivity, 7.0 
10'! ohms/cec at 300 C; loss factor 
at 1 me and 100 me, 0.002. American 
Lava Corp., Cherokee Blvd. and Mfrs. 
Rd., Chattanooga 5, Tenn. 
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solve more engineering problems | FLAME-RESISTANT EPOXY 


| Epoxy No. 1202 properties are as fol- 

; x ’ | lows: extinguishing time, 0-1 sec; 
with lra Ritow 5 thermal conductivity (cal/sec/cm?/deg 
: P C/cm), 9.2 10-4; water absorption (24 
practical guide to hr), 0.04 per cent; dielectric constant 
(1 mc), 5.6; dissipation factor (1 mc), 
0.028; volume resistivity at 125 C, 4.7» 


ty L I ae EK = R U L K 10'*; insulation resistance (96 hr at 90 


per cent RH and 95 F), 910". Flame- 
7 7 | | resistant epoxy available in forms in- 
Mi AT il EK Mi AT t § , % cluding natal cylindrical and square 
shells, custom-molded components, and 
; z : | liquid epoxy resin. Epoxy Products, 137 
This 20-page, two-part article authored by engi- | Coit St., Irvington, N. J. 
neer-teacher Ira Ritow offers a really practical treat- Circle 521 on postcard at end of book 
ment of the theory and use of the engineer’s prime 
computing instrument, the slide rule. It includes LAMINATED ELECTRICAL 
well-illustrated instructions for the use of all con- | INSULATION 
ventional slide-rule scales as well as the circular rule. 
Reprint copies of the complete article with prac- Chasbestos 150 insulation is composed 
tice slide rules printed on heavy stock for easy cut- of asbestos fiber paper with a small 
out are priced at $1.00 each; in quantities of five, 90 | amount of high-temperature nitril rub- 
cents each; in quantities of twenty-five, 75 cents each. | ber binder and Mylar film. Paper is 
See handy order form on page 340. available in 3, 4, 5, 7, 10 and 15-mil 
thicknesses. Several finished thicknesses 
in two- and three-ply laminates manu- 
factured. Class B turn and ground in- 
sulation properties include thermal en- 
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‘with TENITE POLYETHYLENE 


For community television distributing systems in any 
area, Mohawk H-F coaxials do a complete transmission 
job, from tower or relay station right into the living room. 

Tenite Polyethylene is used as jacketing and insulating 
material on these cables. It offers all-round high perform- 


ance which gives them long life, keeps line loss low, and 


permits ease in installation. 

“As a jacketing material, tough Tenite Polyethylene pro- 
vides excellent resistance to abrasion, weathering, mois- 
ture, and heat. Users can look forward to years of maxi- 
mim protection. 

As an insulating material, Tenite Polyethylene has a 
low power factor, which holds energy losses to a mini- 


mum. In these Mohawk cables, both solid and foamed 
Tenite Polyethylene are used for primcry insulation.. 
the foamed material having ah even lower djelectric 
constant than the solid, thus making possible a thinner 
insulation with a resulting decrease in cable weight. 

Linemen find that cable jacketed with lightweight 
Tenite Polyethylene is easy to handle and strip and is 
flexible even at sub-zero temperatures. 

There is a formulation of Tenite Polyethylene to meet 
the demahds of most insulating and jacketing applica- 
tions. For further information on this useful plastic, write 
EASTMAN CHEMICAL Propucts, INc., subsidiary of 
Eastman Kodak Company, KINGSPORT, TENNESSEE. 


@ Both,natural and black electrical grade Tenite Polyethylene are ‘ 
available to cable manufacturers as unique spherical pellets which 
flow freely in the extrusion process and in “air-veying” bulk ship- 


ments from truck to bin. 


@ Cable manufattured by Mohawk Wire & Cable Corporation, 320. 
River Street, Fitchburg, Massachusetts. Jacketing and ineulation ex- 


_ truded of Tenite Polyethylene. 
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FROM RIVERSIDE-ALLOY 


“Put ups” by the ALLOYIST™ 
pay off in Production 


There’s a right kind of wire or strip “put up” for your production 
equipment . . . there’s a right size for long runs and short runs. But, are 
you getting the kind and size of “put up” you need, when you need it? 

The ALLOYIST has them all . . . spools, reels and Pay-Off-Paks for 


wire in overlapping weights 25 to 1000 pounds .. . strip by coil weight 
to 2000 pounds or exact lengths . . . rod in exact lengths or randoms. 
Start the job right. Order your alloys from the ALLOYIST for a 
pay-off in smoother production. 

*Riverside-Alloy is the ALLOYIST to the electrical/electronic industry . . . a single, re- 
liable source of strip, rod and wire in Nickel, Nickel silver, Cupro nickel, Stainless steels 


(ISOLOY), Phosphor bronze, Monel and Inconel. . 
processes insure your product superiority. 


Riverside-Alloy Metal Division, H. K. Porter Company, Inc., Riverside, | 


New Jersey. 


RIVERSIDE-ALLOY METAL DIVISION 


me 
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H.K.PORTER COMPANY, INC. 


PORTER SERVES INDUSTRY with steel, rubber and friction products, asbestos textiles, high voltage electrical equipment, 
electrical wire and cable, wiring systems, motors, fans, blowers, specialty alloys, paints, refractories, tools , forgings and 
pipe fittings, roll formings and stampings, wire rope and strand. 
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. a supplier whose manufacturing | 


durance, stretch, no cracking on 180- 
deg bend, and compatibility with in- 
sulating varnishes including low-tem- 
perature, quick-cure silicones. Chase- 
Foster, Inc., 34 Ormsbee Ave., 
dence, R. I. 
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DRY BONDED LUBRICANT 


Perma-Slik is a compound of graphi- 
tized-molydenum disulfide in a spray- 
able suspension that provides a dry, 
hard, permanently lubricated 
Dry lubricant operates at temperatures 
from —300 to +500 F and provides 
wear protection at pressures as high as 
£0,000 psi. Lubricant can be applied 
to steel, copper, brass, nickel, aluminum, 
maznesium, plastics and wood. Has good 
oil-retention values. EverLube Corp.. 
6940 Farmdale Ave., No. Hollywood, 
Calif. 


surface. 
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INSULATING PARCHMENT 
FOR COIL WINDING 


Insulating material made of vegetable 
parchment paper for use in dry-type 
called Patapar. 
Minimum average electric strength of 
sheet. 32] 


transformer coils is 


two-mil vpm, as compared 


with 336 volts for kraft paper and 308 
volts for glassine paper. Etched sur- 
face of parchment for Class A tempera- 
tures anchors coil wires to paper and 
prevents the complete coil stock from 
telescoping. In illustration, coil in fore- 
ground is wound with Patapar and 
others with kraft and glassine. Parch- 
ment thicknesses range from 1.25 to 
5.0 mils. Paterson Parchment Paper Co., 
Bristol, Pa. 
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FLEXIBLE PRINTED-CIRCUIT 
BASE MATERIAL 


Printed-circuit boards are laminated 
from company’s Enrad II and glass-fiber 
cloth. Base material has good tempera- 
ture, moisture, and electric strength 
characteristics for vhf and uhf applica- 
tions. When laminated with copper, 
printed-circuit boards withstand a 20- 
sec solder-dip test and 5 to 9 lb peel- 
back test. Boards may be made as thin 

(Continued on page 136) 
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DISTRIBUTORS 


Earl B. Beach Co., Pittsburgh, Pa. 
Phila. (Clifton Heights) Pa. 
Brooks Electrical Supply Co., Inc., Baltimore, Md. 
John H. Cole Company, Oklahoma City, Okla. 
Electrical Insulation Sales Co., Rutherford, N. J., 
Electrical Insulation Suppliers, Inc., Atlanta, Ga. 
Electric Motor Supply Company, Denver, Colo. 
Hanna & Ferguson, Rochester, N. Y. 
Hippler Sales Company, Webster Groves, Mo. 
Insulation Manufacturers Corp. 
Chicago, Ill. Cleveland, O. 
Dayton, O. Milwaukee, Wis. 
Detroit, Mich. Pittsburgh, Pa. 
J. F. Kerrigan & Co., Hamden, Conn. 
C. D. LaMoree, Los Angeles & Berkeley, Calif. 
Punt, Inc., Floral Park, N. Y. 
C. E. Riggs, Inc., Portland, Ore., Seattle, Wash. 
J. P. Scanlon, Rochester, N. Y. 
Summers Electric Co., Inc., Dallas, Houston, 
San Antonio, Austin, Texas 
White Supply Company, $t. Louis, Mo. 


Export Agent: Lionel-Essex International Corp., New York, N.Y 


MAY 1960 


_fibre tape 


cagA Teaina PONE SO 


Varmat is the newest addition to the famous Vartex line of 
quality tapes . . . designed especially for use where 

exceptional resistance to moisture is essential. A low power 
factor tape, Varmat also offers you high heat resistance and high 
dielectric strength. It can be slit to any width and is ideal for 
wrapping. Typical applications include coil windings and cable 
splicing. Varmat is supplied coated with black or yellow varnish 

or other moisture- and high heat-resistant coatings. 


New Jersey Wood Finishing Company 


MANUFACTURERS OF FLEXIBLE ELECTRICAL 


WOODBRIDGE, N. J. 


Varnished Cambric Cloth and Tapes 

Varnished “Fiberglas'’t Cloth and Tapes 

Varnished Silk and Silk Substitute 

Synthetic Resinous Tapes and Extruded Tubing 

Cable Wrapping Tapes 

Polyethylene, Sheets, Tapes and Extruded Tubing 

*“VARSIL" Silicone Varnished “Fiberglas’’t 
Cloth and Tapes 


INSULATION 


“VARSLOT” Combination Slot Insulation: —— 
Rag Paper and Vartex Varnished Cambric 
Fish Paper and Vartex Varnished Cambric 

Rag Paper and “Mylar’’* Polyester Film 
Asbestos Paper and “Mylar’’* Polyester Flim 
Kraft Paper and “Mylar’’* Polyester Film 
Vartex Varnished “Fibergias”? and 
“Mylar’’* Polyester Film 


Special combinations available upon request 
* Mylar, Du Pont’s registered trademark tFiberglas, Owens-Corning Fiberglas registered trademark 
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SILICONE NEWS from Dow Corning 


Build For Best Performance 


‘a 
oe al pr 
eas sh 2 ee 


1000 KVA 3 PHASE PENNSYLVANIA TRANSFORMER 


Silicone Glass Laminates Help Make This 
Transformer Lightweight, Maintenance-Free 


Insulating components made from silicone-glass laminates help improve 
the design and performance of electrical equipment. Bonded with heat 
stable Dow Corning silicone resins, glass laminates have high arc resist- 
ance, low loss factor, low moisture absorption . . . excellent mechanical 
and dielectric strength even after prolonged aging at 250 C. 


When used with other silicone insulating components, silicone glass lami- 
nates are an integral part of transformer designs that permit lighter 
weight, smaller size, easier installation and maintenance than transformers 
using any other class of insulation. 


And they are easy to fabricate . . . easy to apply. Silicone-glass laminates 
can be drilled and machined without shattering, sawed without splitting 
and sanded without melting . . . by using carbide tools, ordinary shop 
equipment and procedures. 


Silicone glass laminates are widely used for spacer blocks, interphase 
barriers, and as core insulation in transformers; for slot wedges, coil 
dividers, and top sticks in motors; for parts, such as terminal boards 
and coil forms in other electrical equipment. Silicone glass laminates 
are supplied by leading laminators as tubes, sheets, punched or molded 
shapes. Write today for full information plus list of fabricators. 
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Your nearest Dow Corning office is the 
number one source for information 
and technical service on silicones. first in 


silicones 


Here are some sample data: 
Properties of Silicone-Glass Laminates* 


Property 


Flexural strength, flatwise, psi, 
1/8-inch thickness 
Lengthwise 
Crosswise 
Izod impact strength, edgewise, ft-lb 
per inch notch 
Lengthwise 
Crosswise 
Bonding strength, lbs., 1/2-inch thickness 
Condition A 
Condition D-48/50 
Water Absorption, percent 
Electric Strength, volts/mil 
Initial 310 
After 200 hr at 260C 327 
After 5000 hr at 260C 180 
Dielectric Constant at 10? cycles 
Condition A’ 3.70 
Condition D? 3.85 
Dissipation Factor at 10? cycles 
Condition A’ 
Condition D? 
Arc resistance, seconds 
Condition A 
Condition D-48/50 
Volume resistivity, meg-cm. 
Condition C-96/35/90 
Surface resistivity, megohms 
Condition C-96/35/90 


Range 


20,000-40,000 
18,000-33,000 


6.5-17.0 
5.5-14.0 


650-1100 
550-950 
0.05 


0.0024 
0.0084 


180-292 
180-248 


1x10*-4x107 


10-10,000 


* As measured on samples 1/8 inch thick 
1 As received 
2 After 24 hr immersion in water at 23C 


Dow Corning 


ELECTRICAL MANUFACTURING 





.--improve your products with silicones 


"id 


Silastic Insulated Wire Gives 
Longer, Trouble-Free Service 


More and more equipment manufacturers are standardiz- 
ing on lead wire insulated with Silastic®, the Dow Corning 
silicone rubber, for Class B and Class H equipment. The 
reason: it’s easy to use . . . suitable for several classes of 
equipment, it helps reduce inventories . . . and Silastic 
withstands operational conditions that destroy conven- 
tional wire coverings. 


Serviceable from —90 to 250 C, Silastic resists weather- 
ing, ozone, arcing, corona, moisture, most oils and chemi- 
cals. Lead wire, hookup wire, appliance wire, flexible heat- 
ing wire, ignition cable, and control cable insulated with 
Silastic are available from leading wire manufacturers. List 
of wire manufacturers available upon request. 
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Solventless Silicone Resin 
“seals in” Performance 


Potted in solventless silicone resin to which zirconium 
orthosilicate has been added as a filler, this induction 
heating coil is completely protected against high heat or 
high humidity. This resin and filler will withstand even 
molten metal without deteriorating . . . and is competitive 
in cost with many other encapsulating materials. 


Dow Corning solventless silicone resin is ideal for im- 
pregnating or encapsulating motors, transformers and 
other electrical assemblies. It flows easily and cures to a 
solid, bubble-free mass. Able to withstand continuous 
service at 400 F and intermittent exposure to even higher 
temperatures, it has excellent dielectric properties and 
good thermal conductivity. 
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Silicone Varnish Provides Heat Stability in Nuclear Power Valves 


Exposed to radiation and the severe 


corrosive action of hot distilled water, 
electrically activated valves produced 
by Automatic Switch Company, Flor- 
ham Park, New Jersey, get extremely 
hot in service. Continuous temperatures 
as high as 650 F and pressures up to 
3,000 psi are encountered. Cooling fins 
dissipate only some of the heat. 


The unit’s coils are insulated through- 
out with Dow Corning silicone com- 


ponents and dipped in silicone varnish 
to produce a moisture-resistant insula- 
tion system of high dielectric strength. 
Over 100 units already in service in 
atomic submarines, surface vessels and 
power plants underscore the excep- 
tional heat stability that can be 
achieved with. silicone insulation and 
Asco’s control valves. 
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CORPORATION MIDLAND. MICHIGAN 


branches: 


MAY 1960 


ATLANTA SOSTON cnicaco CLEVELANS 


‘ 
nm 


OALLAS LOS ANGELES NEW YORK 


WASHINGTON, 0.6. 
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Precision made Ceramic parts 
to meet your EXACT specifications 


Through the years Wisconsin Porcelain 
Co. has consistently demonstrated its 
ability to make ceramic parts to exact 
requirements. 

The uniformity and toughness of 
Wisconsin Ceramics speeds assembling 
and reduces production costs. Wisconsin 
Ceramics are especially adapted to auto- 
matic of semi-automatic processes. 

Whether you need porcelain, refrac- 
tory, steatite or filter parts, you will find 


that Wisconsin Ceramic parts reduce 
rejects to a minimum and help cut 
production costs. 

We will be glad to quote prices and 
delivery ...or our engineers will work 
with you on special Ceramic problems. 

Serving the Electrical and Electronic 
Industries since 1919. 


WISCONSIN PORCELAIN CO. 
122 LINCOLN ST. + SUN PRAIRIE, WISCONSIN 
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SILICONE RUBBER 


a> 


CLASS H UNSUPPORTED TAPES 

@ GUIDELINE self-adhering, triangular tape with col- 
ored line at apex for guiding overlapping layers. 
Tape has an interliner and requires no heat for 
bonding adjacent layers. Also supplied in rectang- 
ular form without center line. 


CLASS H SUPPORTED TAPES 


@ Cured Tapes: Silicone rubber coated tapes in 

many variations of thickness, silicone compound and 
base fabric. 
Semi-Cured Tapes: A semi-cured silicone rubber 
coating on glass or other fabric. Tape has no inter- 
liner and heat is required to bond multiple layers 
of tape. Tape can be supplied coated on one side 
or two sides. 

@ Self-Adhering Tapes: A self-adhering silicone 
rubber coating on glass or other fabrics. 


TEMP-R-T APES: 


@ Pressure-Sensitive Tapes: Thermal curing tapes 
with backings of Teflon* glass fabric and silicone 
coated glass fabric—all with silicone adhesive. 
Available from stock. 


For additional data, we invite your inquiry. 


ELECTRICAL AND INDUSTRIAL SPECIALTY TAPES 


(Gai CONNECTICUT HARD RUBBER CO. 


duPont TM 


Main office: New Haven 9, Connecticut 
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as 0.010 in. and bent in small diameters 
to fit tight space requirements without 
cracking or crazing. In addition to flex- 
ible and semi-rigid types, Enrad II is 
available as thicker rigid material which 


| permits boards to be used as integral 


supporting members. Enrad II printed- 
circuit boards are made from irradiated 
polyolefins which resist further radiation 


| and maintain uniform properties. Ther- 
| mosetting material exhibits little or no 
| cold flow. Enflo Corp., Fellowship Rd. 
| and Route 73, Maple Shade, N. J. 
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PRECISION GOLD-ALLOY 
STRIP 


Gold-alloy strip is precision rolled to 
tolerances down to +0.0001 in. for use 
in a variety of components. Gold alloy 
is used in applications where its prop- 
erties of conductivity, solderability, duc- 
tility and chemical corrosion resistance 
are necessary. Available in strip to 4.00 
in. max width, in thicknesses down to 
0.0005 in. Accurate Specialties Co., Inc., 
37-11 57th St., Woodside 77, N.Y. 
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ALUMINA POLISHING 
CRYSTALS 


Levigated slurry concentrate and pow- 
dered polishing aluminas are used for 
the final preparation of highly polished 
semiconductor surfaces for advanced de- 
vice fabrication. Also for quality in- 
frared lenses, spectroscopy and metal- 
lurgical investigations. Graded uniform 
particle sizes: 0.05 micron gamma 
Al,O, and 0.25 micron alpha Al,O,. 
Laboratory certified analysis to 99.99 
per cent activated Al,O,. Geoscience In- 
strument Corp., 425 Park Ave., New 
York 22, N.Y. 
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GLASS-FIBER CLOTH 


Acto-Glas Mark II impregnated woven 
glass-fiber cloth, for use as an electrical 
insulating material, has high physical 
strength in relation to its weight, excel- 
lent dimensional stability, high tensile 
strength, low elongation and good di- 
electric properties, coupled with high 
resistance to solvents and chemicals. 
Products may be used in same applica- 
tions as varnish-impregnated cotton 
tapes. Cloth supplied in partially cured 
stage and, when subjected to heat, 
pressure and time cycles, it becomes a 
fully cured homogeneous material in the 
nature of a laminate. Uses include in- 
sulation of coils and armatures in ro- 
tating equipment, layer insulation for 
various types of transformers, insulation 
of field coils, toroidal and form-wound 
coils, stator tying, tie cord, coil and 
lead wires, and in fractional horsepower 
motors as slot liners. Temperature class 
of polyester is 130 C. Thicknesses range 
from 5 to 15 mils. Typical properties 
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Now get these 2 glass-sealing economtes 


with THERL 


Therlo—now a commercially vacuum melted alloy made 
only by Driver-Harris—is such a metallurgically cleaner 
metal that it has greater ductility and a better surface than 
any other alloy used for the same glass-to-metal sealing 
applications. 

For this reason it is more easily formed into desired 
shapes and increases die life 25-50% between sharpen- 
ings. And Therlo produces a permanent vacuum tight seal 
with negligible leakers on the production line. 

*T.M. Reg. U.S. Pat. Off. 


* The only commercial vacuum melted glass 
sealing alloy available...No price increase. 


Therlo matches such commercially hard glasses as Corn- 
ing #7052 and #7040 in expansivity from 80° C to the 
annealing point. In every case where Therlo has been 
specified the resulting reduction in rejects both in fabrica- 
tion and glass-sealing production have cut production 
costs impressively. 

Therlo is one of four D-H alloys developed for glass-to- 
metal sealing of both hard and soft glass in most every 
sealing operation. For more information write to .. . 


DRIVER-HARRIS COMPANY 4 


JHARRISON 29, NEW JERSEY 
= 


BRANCHES: Chicago, Detroit, Cleveland, Louisville ° 


MAY 1960 


Distributors: ANGUS-CAMPBELL, INC., Los Angeles, San Francisco 


J. M. TULL METAL & SUPPLY CO., INC., Atlanta 


In Canada: The B. GREENING WIRE COMPANY, Ltd., Hamilton, Ontario 
MAKERS OF THE MOST COMPLETE LINE OF ALLOYS FOR THE ELECTRICAL 


ELECTRONIC, AND HEAT-TREATING INDUSTRIES 
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APL 


SUPERIOR QUALITY 
industrial laminates 


NORPLER laminates are produced in accordance with 
standard N.E.M.A. specifications and MIL-P specifica- 
tions. Many special grades including a variety of copper 
clad laminates for the manufacture of printed circuits 
are also available. 


Northern Plastics Corporation produces over 60 
standard grades to meet your requirements for flame re- 
tardancy, low power factor @ 60 cycles, arc resistance, 
cold punching, minimum odor, high insulation resistance 
and excellent mechanical properties. 


may we send you our brochure ? 


NORTHERN PLASTICS CORPORATION 
La Crosse 6, Wisconsin 
Offices in Principal Cities 


Circle 186 on Inquiry Card 





of cure material at 75 F: ultimate ten- 
sile strength, 45,000 psi min; ultimate 
flexural strength, 50,000 psi min; edge 
wise compressive strength, 40,000 psi 
min; dielectric breakdown, 400 vpm; in- 
sulation resistance, infinity. Sun Chem- 
ical Corp., Electro-Technical Products 
Div., Nutley, N.J. 
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MAGNET WIRE 


Fifty-gage (0.001 in.) single enamel- 
film insulated magnet wire is designed 
for use in miniature transformers. 
miniature relays, computers, and syn- 
chro motors. This wire size is also 
manufactured with coatings of poly- 
urethane, Formvar, Isonel, F. Bondall, 
P. Bondall and nylon. Viking Wire Co.. 
Inc., Dept. MS, Danbury, Conn. 
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ALUMINUM-OXIDE- 
COATED CONDUCTORS 


Flexible aluminum - oxide - insulated 
strip and wire for temperatures as 
high as 1100 F and, in certain forms. 
to 1900 F, is available in all gages and 
sizes. Process provides coating that 
is flexible and capable of withstand- 
ing considerable deformation without 
fracturing or crazing film. Oxide film 
thickness can be controlled from 
0.00008 to 0.001 in. Aluminum oxide 
insulation can be applied to metals 
such as silver, or nickel-plated copper 
strip or wire (nickel plate needed to 
eliminate galvanic action and diffusion 
in high-temperature operation). Per- 
maluster, Inc., 2012 W. Burbank Blvd., 
Burbank, Calif. 
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FLUOROCARBON-GLASS 
LAMINATE 


High-temperature laminate, Lamicoid 
6098, is manufactured from TFE-fluoro- 
carbon resin and a fine-weave, 0.002-in. 
thick glass fabric. Resultant laminate is 
said to combine chemical and electrical 
properties of the fluorocarbon plus 
physical and mechanical properties of 
glass cloth. One- or two-oz copper foil 
may be bonded to one or both sides of 
laminate. Properties include: density, 
2.2 gm/cc; tensile strength lengthwise, 
26,000 psi; flexural strength cut length- 
wise, 16,000 psi; impact strength cut 
lengthwise, 13.0 ft-lb/in. width; electric 
strength parailel to lamination, step by 
step, 45 kv; copper-clad peel strength 
for l-oz copper, 10 lb/in.; solder float 
test, 260 C for 60 sec. Laminate meets 
requirements of MIL-P-19161A. Close 
thickness tolerances in the order of 
+0.002 on 1/8-in. thickness can be sup- 
plied. Mica Insulator Div., Minnesota 
Mining and Manufacturing Co., Sche- 

nectady 1, N.Y. 
Circle 531 on postcard at end of book 
(Continued on page 142) 
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PUTTING MAGNETICS TO WORK 


Open your eyes to new amplifier designs! 


See how to combine tape wound cores and transistors 
for more versatile, lower-cost, smaller amplifiers 


Tie tape wound cores and transistors into a magnetic- 
transistor amplifier, and open your eyes to new design 
opportunities. 

To start with, these are static control elements—no mov- 
ing parts, nothing to wear or burn out. Next thing you 
find is that you reduce components’ size—your amplifier 
is smaller and costs less. That’s because between them 
the core and the transistor perform just about every cir- 
cuit function ... and then some. 


For instance? The core has multiple isolated windings. 
Thus you can feed many inputs to control the amplifier. 
The core also has a square hysteresis loop, and thus acts 
as a low loss transformer. That means you save power. 
In addition, the core can store and remember signals— 
so time delay becomes simple. 


MAY 1960 


There’s no need for temperature stabilization, either. 
The transistor acts only as a low loss, fast, static switch— 
and in this function it has no peer. 


How do you want to use this superb combination? As a 
switching amplifier—or a linear one? In an oscillator? 
A power converter (d-c to d-c or d-c to a-c)? You'll have 
ideas of your own—and if they involve tape wound cores, 
why not write us? Ours are Performance-Guaranteed. 
Magnetics Inc., Dept. EM-81, Butler, Pennsylvania. 


MAGNETICS inc. 


em -” 
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Dings Lifting Magnet 

100% productive use of coil space for a more 
powerful, lighter weight magnet, designed 
with Reynolds Anodized Strip Conductor. 


A. O. Smith AC-DC Convertor 

More performance packed into a smaller 
housing—Reynolds Anodized Strip Conductor 
eliminates. bulky insulation: 

Good production savings. 


Sparton Automotive Horn 

Reynolds Interleaved Strip Conductor 
eliminated eleven fiarts, provides improved .~ 
performance, productiometficiencies. ating 


ai ee 
ne vo 
i ot 


eran 


Controlarc DC Arc Welder 

A lighter weight, more rugged unit capable 
of withstanding severe overloads, thanks to 
Reynolds Anodized Strip Conductor. 


SOME LEADING MANUFACTURERS 
AND THEIR APPLICATIONS OF 
REYNOLDS ALUMINUM STRIP CONDUCTOR 


Caledonia-Transformer 
1955 Electronic Transformer, Interleaved Sheet 


Dings Magnetic Separator 

1956 —_— Lift Magnets, Anodized Strip 
Vickers Electric 

1956 Transformer Welder, Anodized Strip 


Harnischfeger 
1957 ~— Clutch Coils, Anodized Strip 


Lincoln Electric 
1957 Arc Welders, Interleaved Sheet 


Jefferson Electric 

1958  Dry-type Transformers, Anodized Strip 
General Electric 

1958 Control Coils, Interleaved Foil 


Calidyne 
1958 Shaker Coils, Anodized Strip 


Delco Remy 
1958 Alternator Field Coils, Interleaved Foil 


A. O. Smith 
1959 Arc Welders, Anodized Strip 


Cutler Hammer 
1959 —_ Lift Magnets, Anodized Strip 


Westinghouse 
1959 Specialty Dry-type Transformers, 
Interleaved Sheet 


Sparton Automotive 
1959 —_- Horn Coils, Interleaved Foil 
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ALUMINUM 
CONDUCTOR 


Reynolds 1955 development 
continues to find new uses in improving products 
and reducing costs in the electrical industry 


Four years of progress is paying important user dividends 


Introduced in 1955, Reynolds Aluminum 
Strip Conductor—anodized. and interleaved 
—was hailed immediately as an excellent 
new way to solve numerous production prob- 
lems and costs associated with conventional 
wire coils. 

A pilot laboratory for winding strip coils 
was established and hundreds of varying 
sizes and types were prepared. During this 
time, Reynolds Product Development De- 
partment worked with many electrical 
equipment manufacturers. This pooling of 
talent helped hasten and expand the practi- 
cal application areas for Reynolds Aluminum 
Strip Conductor. As an example, the Utica 


Koldweld Division of Kelsey-Hayes assisted 
Reynolds in developing new tools and 
methods for the joining of the conductor. 

Year by year, new uses have been found 
for Reynolds Aluminum Strip Conductor in 
a wide variety of electrical equipment. The 
first production use was in 1955 in elec- 
tronic transformers made by the Caledonia 
Transformer Company; the most recent is 
this year’s use in new automotive horns 
made by Sparton Automotive. And over the 
years, Reynolds Aluminum Strip Conductor 
has been used in lift magnets, transformers 
and convertors. Its potential in large and 
small equipment is almost unlimited. 


Winding ease .. . insulation savings . . . improved heat transfer .. . 
reduced layer-to-layer voltages: key benefits offered by this proved product 


Reynolds Aluminum Strip Conductor elim- 
inates bulky insulations. It lessens the 
danger of burnout by offering better heat 
transfer characteristics, reduces layer-to- 
layer voltages, increases coil efficiency. In 
manufacturing, it provides exceptional 
winding ease and simple mechanical joining. 
And with its high conductivity and low 
weight, it saves both space and weight. 
These benefits, and others, add up to a 
better coil, a less expensive coil. 

Reynolds Aluminum Strip Conductor is 
available in two forms: interleaved or ano- 


The Finest Products 


dized. The interleaved form is furnished by 
Reynolds in coil form and can be wound 
with the customer’s choice of interleaving 
material. Anodized strip is customarily used 
in the heavier gauges in transformers, mag- 
netic clutches and brakes. Whatever the 
choice, you can depend on Reynolds, the 
acknowledged pioneer in the development 
of aluminum strip conductor. 

For more information contact your near- 
est Reynolds Sales Office or write direct 
to Reynolds Metals Company, P.O. Box 
2346-ED, Richmond 18, Virginia. 


WRITE TODAY 


for these booklets on Reynolds Anodized 
and Interleaved Strip Conductor. They 
contain information on actual applications 
joining and winding and a wire 
gauge-strip conductor computation chart. 


Made with Aluminum 


are made with 


REYNOLDS G2 ALUMINUM 


Watch Reynolds TV shows—“‘ALL STAR GOLF”, “BOURBON STREET BEAT" and “ADVENTURES IN PARADISE” — ABC-TV 
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Simplify 
Wire 
Assembly 


with a 


KINGSLEY 
Wire and Tube 
Ela dial aurea 


Now you can mark each wire or 
piece of plastic tubing with its 
own circuit number... quickly. ..eco- 


nomically, right in your own plant! 


You reduce wire inventories because 
NTT Mt: Mah aa 


as many Circuits as necessary 


Simplify your assembly methods 
and speed production with the 
same machine that has proved so 
rrirae ttt mm lies ie ltt 


industries. Write for details 


KINGSLEY MACHINES 


850 CAHUENGA + HOLLYWOOD 38, CALIF 
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| CLASS B INSULATION 


Teraglas is a flexible insulating mate- 
rial comprising a base fabric, woven 
from polyethylene-terephthalate 
yarns and _ continuous-filament 
yarns, varnish coated. Electric 
(C-48-23-50) for 0.010-in. 
thickness, 1600 vpm; under 12 per cent 
stretch, 1450 vpm. Teraglas is furnished 
in two thicknesses: 0.010 and 0.012 in., 
in tapes, in full-width rolls, or in sheets. 
It will withstand B operating 
temperatures. Natvar Corp., Randolph 


Ave., Woodbridge, N. J. 
Circle 532 on postcard at end of book 


warp 
glass 
filer 
st rength 


Class 


MILITARY CABLES 


Models 30945 and 21055 cables con- 
form to specification MIL-C-13777B, 
Type F dielectric. Cables utilize poly- 
ethylene primaries jacketed with either 
extruded nylon or color-coded over- 
braids in place of the rubber primaries 
formerly required. Shields are fur- 
nished over individual conductors and 
Reinforced 
shields are supplied where required. 
William Brand-Rex Div., 
Enka Corp., Concord, Mass. 
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or over cabled conductors. 


American 


NICKEL-SILICON-BRONZE 
ALLOY 


“Nironze” 635 is composed of 97.5 per 
cent copper, 1.9 per cent nickel, and 
0.6 per cent silicon. In ordinary hard- 
drawn state, alloy has equal ductility 
with 2 per bronzes and 
superior ductility to 3 per cent bronze. 
At same time, by proper aging, Nironze 
develops higher tensile strength than 
2 per cent bronze and has 
greater yield than other silicon bronzes 
or even mild steels. Nironze has a 30 
per cent minimum conductivity figure 
for normally 


cent silicon 


silicon 


age-hardened material. 
Applications for alloy include switch- 
gear and wire connectors, bolts, cold- 
formed nuts, and Bridgeport 
Brass Co., Bridgeport 2, Conn. 
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screws. 


DECORATIVE VINYL 
LAMINATE 


Self-adhesive material consists of a 
layer of metallized Mylar film lami- 
nated to vinyl. Available in rolls, strips 
and sheets, this material is adaptable 
for decorative panels and trim. Fur- 
ther processing by die-cutting, silk 
screening and hot stamping makes pos- 
sible finished parts, nameplates and 
labels in assorted designs. Subsurface 
vinyl film thickness (ranging from 4 to 
12 mils) adds to overall body of mate- 
rial and permits deep 
Fasson Products, 250 
Painesville, Ohio. 
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embossing. 
Chester St., 





Need to know 
about 


Casting Resins 
and 
Application 
Techniques 
for 
Embedment, 
Encapsulation 
and 


Impregnation 


? 


In a 52-page reprint booklet—one of the 
design compendium series — ELECTRICAL 
MANUFACTURING editors have brought to- 
gether eight previously published articles 
dealing with the embedment, encapsula- 
tion and impregnation of electronic cir- 
cuit units and components. Individual 
articles cover property data on casting 
resins; evaluation tests on resin systems; 


results of environmental tests on em- 
bedded units; process-control problems. 
An annotated bibliography of selected 
technical articles on electrical insulation 
reference tool for 


checking on basic research and applica- 


provides a_ useful 


tion techniques developed over the past 


decade. 


CONTENTS 


The Epoxy-Resin System for Embedded 


Circuits and Components 


Automatic Machines for Cast-Resin 
Applications 


Casting Resins for Insu- 


Parts 


Polyester 
lating 


Rigid 


Problems in Casting Electronic Components 


Effects of High Humidity on 
Properties of Casting Resins 


Dielectric 


Copper-Inert Flexible Coil Encapsulation 


Embedded Elec- 


Environmental Tests for 
tronic Units 


Resin-Embedment Process for 
Flectronic Package Design 


Optimum 
Price: $2.00 
See Order Form on page 340. 
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This is a cutaway of an Epoxy encapsulated stator wound with Epoxy magnet wire. All-Epoxy 


EPOXY MAGNET WIRE 


an ideal combination for severe applications, 


IDEAL FOR 


ENCAPSULATED SYSTEMS UP TO 130° C 


A magnet wire must offer you all these import int advanti iges 
when used in enca psulated systems. 

The wire must have outstanding compatibility—a require- 
ment for good bond strength at elevated temperatures—high 
dielectric strength under adverse moisture conditions. 

The ideal magnet wire must also have excellent thermal and 
high-impact shock resistance. And—it must be able to resist 
corrosive and abrasive atmospheres. 

Anaconda Epoxy meets all these requirements and more. 
For this 130°C (AIEE Class B) magnet wire is compatible with 
virtually every encapsulating compound tested to date. Equally 
imports int, Anaconda I poxy contains no polyester modifiers 

therefcre offering greater a ince to hydrolysis. 


In addition, A aconda Epoxy costs no more than most 


ASK THE MAN 
FROM 


ANATHERE | 155°C (Ale Clo 


ature re 


NYFORM }|0:5 


PLAIN ENAMEL 


Class A magnet wires—which means you can often thermally 
upgrade your components to Class B without additional cost. 
It’s rez idily available, too—in a full range of round, square and 
rectangular sizes. 

Epoxy can also be furnished in combination with Vitrotex 
(glass-served) for added thermal overload protection. 

So you can see how it offers you many interesting possi- 
bilities for cutting costs and simplifying production through 
standardization. 

Our technical staff and Research and Development Lab- 
oratory facilities are available to give you assistance in your 
enci ipsuls iting and other magnet wire problems. See the Man 
from Anaconda. Or write: Anaconda Wire & Cable C ompany, 
25 Broadway, New York 4, N. Y. 


NACONDOA .., EPOXY MAGNET WIRE 


FORMVAR 105 





ANALAC 105°C (AIEE Class 


proven depe t solderable magnet wire 


In all four wicking and lubrication 
applications on electric motors, 
Western Felt wicks are dependable 
lubricating mediums of excellent 


quality and long life 


Motors are ubricated with 


Western Felt Wicking 


3y its very nature, wool felt is almost 
automatic in its oil-delivery rate. 


Felt, unlike knitted or woven materials or 
impregnated fibers, does not wick the 
lubricant inside its fibers. Instead, the 
lubricant is held and wicked within the air 
spaces or capillaries between the fibers. 


That is why Western Felt wicks can be 
tailored exactly to the job they must 
perform—to provide optimum wicking 
height, oil-absorption, and rate of transfer. 


With absorption capacities up to five times 
original weight, Western Felts serve as 
excellent self-contained oil reservoirs. 


Western Felt’s experienced design 
engineers welcome an opportunity to work 
with you on any wicking and 

lubrication problem. 


SYPHON TYPE 


: ‘23]| Write for our free illustrated 
i: sp2my 4 technical brochure, 
Sit ode SET ead oe 
hs Felt Wicking and Lubrication. 
( 
f) 


oJ 


ZI 


py y 
ex] bag 


BOTTOM-FEED TYPE 


WESTERN 


Dept E 


J021-4L139 Ogden Lae 


* 
— 


( *hicago 


Branches in Principal Cities Wok Kes 


MANUFACTURERS AND CUTTERS OF WOOL FELTS 
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Plus or Minus AIEE No. 510 
MOTORETTE 


(Continued from page 16) TEST 


at a recent Diamond Ordnance Fuze 

Laboratories technical staff meeting. 
“Molecular electronics has its origin 

in the search for improved reliability | 

and reduced size and weight in air- | = 

borne and space-borne electronic equip- 

ment. The philosophy of molecular elec- CURVED 

ELECTRODE 


tronics is to be distinguished from 


AIEE No. 57 
TWISTED WIRE 
PAIRS TESTS 


various types of miniaturization (with TEST 


which it has been associated but to 
which it bears little relation). It is 
based on the synthesis of the required 
functions in solid-state materials and 
not on mechanization of an electronic 
schematic.” 


Packaged Part 
Produced in Fifteen Minutes 


Westinghouse’; headquarters manu- 
facturing laboratory has demonstrated 
an integrated manufacturing system 
that will produce a finished part, pack- 
aged for shipment, 15 min. after re- 
ceipt of order by combining automatic 
preparation of programs for numeri- 
cally controlled machines. A general- 
purpose digital computer creates in- 
structions for producing a variety of 
parts machined on a vertical miller, 
using only customer-order information, 
no drawings or operation sheets. The 
computer determines the path of the 
tool and produces a punched control 
tape which feeds into the machine con- 
trol console. The computer can also 
select tools, feeds and speeds and per- 
form inventory-contro] functions. The 
vertical mill is fitted with 3-axis numeri- 
cal control; loading of work pieces 
could be automatic. 

For line flow, the piece is finish 
coated by a new paint method, in which 
a fluidized dry paint powder flushes pre- 
heated piece parts and is baked on 
them. The operation is readily con- 
veyorized since no spray booth is re- 
quired. Packaging of the finished part 
is completed by bonding a polyethyl- 
ene-Mylar film over it to a paperboard 
backing, using electric heat and a 
vacuum. 

A significant reduction from a nor- 
mally expected elapsed time is due 
to automatic preparation of informa- 
tion for control of the milling machine. 
The combination of this method of 
preparing information with physical 
operations set up for direct in-line 
flow with minimum cycle time fore- 
casts great oprortunities to by-pass 
manual operations, eliminate many 
managed costs, reduce inventories, re- 
duce lead time, and improve quality in 
manufacturing operations. 
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takes the guess out of 
insulating varnishes 
BORTHIG K-3833, One varnish suitable for Class A, 


B and F applications. A new polyester modified 

insulating varnish. Motorette test shows more than 
30,000-hour life expectancy for Class F temperature operation. 
Approved for type M, grade CB, MIL-V-1137A. 


BORTHIG K-252, years of field experience have established 
the reliability of this Class B modern type, heat-reactive baking 
varnish. Motorette test shows 30,000-hour life expectancy. 
Approved for type M, grade CB, MIL-V-1137A. 


BORTHIG K-3829 EPOXY BAKING VARNISH 

is a thermo-setting varnish which requires no activator and cures 
entirely by heat induced polymerization. Laboratory tests 

and field experiences show K-3829 to have higher values for wet 
and dry dielectric plus excellent bonding strength 

and corrosion resistance at higher temperatures (up to 165” C). 
It is recommended to meet the toughest conditions 

of operations. Motorette testing shows 30,000 hour-life 

at Class F temperatures (155° C). 

Approved for type M, grade CB, MIL-V-1137A. 


Also look to Borthig for the latest in EPOXY RESIN 
COMPOUNDS for the incapsulation of 


electric motors, transformers and electronic units. ASSOCIATE 


Our laboratory will be pleased to cooperate 
in any of your insulating problems. 


MEMBER 
N.E.M.A. 


GEORGE C. BORTHIG CO., INC. 


SUBSIDIARY OF STANDARD-TOCH CHEMICALS, INC 


ee 
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Nickelectric News 


DEVELOPMENTS IN NICKEL 


Inconel brushes hold carbon electrodes, help this 
airborne searchlight light up. Product of Arma 
Division, American Bosch Arma Corporation. 


New Airborne Searchlight 
. . + Radiant heat from its 5000° F 


arc is no problem for Inconel 
GARDEN City, N. Y. This new Arma 
airborne searchlight generates 130 
million candlepower — more than the 
total light from a million automobile 
headlamps. It burns 15 minutes at a 
time, instead of the 30-60 seconds of 
existing aircraft searchlights. 

The carbon are reaches temperatures 
of 5000° F or more. Away from the arc, 
temperatures drop off rapidly but cer- 
tain parts of the searchlight must 
operate in intense heat. So the elec- 
trode brushes (see drawing) are made 
of Inconel* nickel-chromium alloy to 
withstand this heat, electrode abrasion, 
oxidation, and creep for hundreds of 
lighting cycles. 

Where you design parts to resist 
high-temperature stress, fatigue, cor- 
rosion, Inconel alloy is an excellent 
material choice. In very high tempera- 
tures (such as springs used at 1100° F) 
Inconel “X” age-hardenable nickel- 
chromium alloy is successfully used. 
Both alloys are strong, ductile, are 
readily formed and welded. 

Pertinent Literature: Write for Bulletin 
T-7, “Engineering Properties of Inconel 
and Inconel *X’.” Circle 193 on Inquiry Card 


New G-E Electrolytic Capacitor Electronic Grade 
“A”* Nickel lead wires help make it rugged. 


Small, rugged capacitor 


..» Nickel leads boost its strength 


Hupson Fai, N. Y. The new Solid 
Tantalytic® capacitor is designed for 
low voltage circuits — its capacitance 
changes not more than 20% from 
+85° C down to —80°C. we Elec- 


AND NICKEL ALLOYS AND THEIR APPLICATIONS 


3 Inco Nickel Alloys help os 
build high reliability into 


aircraft fire detector 


... Protect sensing salts for repeated warning service 


ASHLAND, Mass. An aircraft fire de- 
tection system made by Fenwall, Inc., 
features radically improved accuracy 
and reliability for flight safety. It 
eliminates false alarms from moisture 
and averaging, gives continuous detec- 
tion along whole sensing element loop, 
contains no moving parts. 


INCONEL ALLOY SHEATHING __g ’ 


ELECTRONIC GRADE 
“A” NICKEL WIRE 


SALT COMPOUND & INSULATION 


Section of detection element 


The sensing element consists of a 
strong, flexible Inconel* nickel-chrom- 
ium-iron alloy tube with a wire of 
Electronic Grade “A”* Nickel at its 
center. The space between is filled with 
an inorganic salt. (See drawing above.) 
The element is connected to a signal 
amplifying control unit. 

Overheat at any point along the ele- 
ment, or spread over many feet of its 
length, causes the salt’s electrical re- 
sistance to drop sharply. The element’s 
electrical current flow changes, trig- 
gers an alarm. System returns to 
standby condition when overheat con- 
dition is corrected. 


tric designers gave it unusual resist- 
ance to mechanical shock with Elec- 
tronic grade “A’”* Nickel lead wires. 
They chose Nickel for three good rea- 
sons: (1) welds easily — high thermal 
coefficient of electrical resistivity aids 
quick, strong spot welding, (2) solders 
easily — speeds hermetic sealing, and 
assembly into circuits, (3) meets strin- 
gent mechanical specifications — leads 
0.0201” diameter) withstand 30 sec- 
ond pull test of 8 pounds,-four 90° 
alternate bends. ® General Electric Co. 
Pertinent Literature: Write for ‘“Tech- 
nical Bulletin T-15.” Cirete 195 on Card 


HUNTINGTON ALLOY PRODUCTS DIVISION 


The International Nickel Company, Inc. 
67 Wall Street New York 5, N. Y. 


Designers at Fenwall needed a flexi- 
ble sensing element tube — of a metal 
that resists fire, fatigue, oxidation, pro- 
tects sensing element salts for life of 
the airplane. They chose Inconel alloy. 
(Note sensing element in photo below.) 
The core wire requires good electrical 
conductivity, plus all the tube’s prop- 
erties, so designers chose Electronic 
Grade “A” Nickel. And for the element 


This fire and overheatdetection element, enclosed 
in Inconel tube, is so flexible it can be twisted 
like a helical spring and still stay serviceable. 


spring mounting clips, they chose Inco- 
nel “X’’* non-magnetic, age-hardenable 
nickel-chromium-iron alloy. Inconel 
“X” clips retain springiness even at 
elevated temperatures. 

Pertinent Literature: Write for “Nickel 


Alloys for Electronic Uses.” 
Circle 194 on Inquiry Card 


Monel “403” alloy has 
low permeability plus 
advantages of Monel alloy 


Monel “403”* alloy is comparable to 
Monel* nickel-copper alloy itself, ex- 
cept that it provides a low magnetic 
permeability. Typical permeability is 
1.004 at room temperature, 200 oersted 
field strength: permeability will not 
exceed 1.1 at 27° F in 0.5 oersted field. 
Like Monel alloy, Monel “403” alloy is 
easy to form, machine, weld, braze, 
solder. Also important, it retains low 
permeability during cold working. 


Pertinent Literature: Write for “Basic 
Data — Monel ‘403° Alloy.” 
*Trademark, The International Nickel Co., Inc. 
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‘““MYLAR” offers a unique 
combination of properties 
valuable for electrical design 


ee 


HIGH TENSILE STRENGTH. “Mylar” 
is the strongest plastic film. Instron tester 
shows an average strength of 20,000 lbs. psi. 


HIGH DIELECTRIC STRENGTH. 
Average of 4,000 volts per mil...average 
power factor of 0.003 at 60 cycles. 


Is there a thinner pressure-sensitive tape 
that’s better-performing ... and at a lower cost? 


Yes, there is such a tape, and it’s made 
with Du Pont “‘Mylar’’* polyester film. 
For most applications, tough, durable 
pressure-sensitive tape of “‘Mylar’’ actu- 
ally cost less, per linear foot or yard, than 
tapes made of other materials. That’s 
because ‘‘Mylar’’ permits tape manufac- 
turers to use thinner gauges without any 
loss in performance. 


And what about performance? Here 
are some of the outstanding properties of 
**Mylar’”’ found in pressure-sensitive tape: 


THIN, YET STRONG 

_+ + average tensile strength of 20,000 psi. 
DURABLE 

...under both high and low temperature use. 


REG. U. 5. PaT.OFF 
BETTER THINGS FOR BETTER LIVING 
« «+ THROUGH CHEMISTRY 
DU PONT 


MYLAR 


POLYESTER FILM 


MAY 1960 


FLEXIBLE 
... gives snug wrap over irregular surfaces. 
HIGH DIELECTRIC STRENGTH 
. average 4,000 volts per mil. 

DIMENSIONALLY STABLE 

. . can be used in areas of high humidity. 
MOISTURE-RESISTANT 

. . resists mildew, most chemicals. 
RESISTS EDGE FRAYING 
... has great tear and impact strength. 
RESISTS HEAT AND COLD 


. can be used in class B insulation systems. 


NO PLASTICIZER 
.. can’t dry out or embrittle with age. 


You name the job. . . electrical insulat- 
ing, color coding, masking for electro- 


plating, harness-wrapping coils . . . and 
you’re sure to find pressure-sensitive 
tape of ‘“‘Mylar’’ can improve perform- 
ance while lowering costs. What’s more, 
this thinner tape can help decrease weight 
and size of finished products without any 
loss in performance! 


Pressure-sensitive tape of “Mylar” can 
now be obtained in a wide variety of 
gauges, widths, colors, and with different 
adhesives. Ask your supplier to help you 
evaluate all the factors involved in cost 
and performance of tape made with 
‘“‘Mylar’’. Or, send today for a list of 
tape manufacturers and a booklet on 
properties and applications, 


*“MYLAR” is Du Pont’'s registered trademark for its brand of polyester film. 


E. |. du Pont de Nemours & Co. (inc.) 


Film Dept., Room *™.'* Nemours Building, Wilmington 98, Delaware. 


O Please send me information 
on the advantages and uses of 
pressure-sensitive tape made 
with ‘“‘Mylar’”’ (MB-6). 


© Please send me information 
on properties, applications and 
types of “Mylar” available 
(MB-11). 


Name 
Firm 


Address 
City 
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Synthane makes and fabricates 


laminated plastics 


re 


Y 


- 


We have the facilities; the know-how is free 


Consider these three, of many, rea- 
sons why it is to your advantage to 
let us fabricate your laminated 
plastics parts. 

First, we have the facilities for the 
job. Saws, millers, drills, lathes, 
punch presses, planers, sanders. Hun- 
dreds of them. Many are standard 
machine tools modified to machine 
laminated plastics quickly and easily. 


Others are special, designed primarily 
for the high-speed production possi- 
ble with laminated plastics. 

Second, behind the machines are 
people who know practically every 
trick in the book for turning out a 
first-class job fast. They also know 
what to avoid doing. 

Finally, it will hardly pay you to 
handle your own fabrication—in 


You furnish the print—we'll furnish the part 


Circle 198 on Inquiry Card 


terms of money, in headaches, in 
possible errors, waste or delays. Call 
a Synthane representative near you 
for a quotation—you’ll find him in 
any principal city or write Synthane 
Corp., 17 River Road, Oaks, Pa. 


SYNTIHANE 


CORPORATION Ss OAKS, PENNA. 
Sheets « Rods « Tubes e Fabricated Parts 
Molded-laminated « Molded-macerated 
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REPORT FROM 


wae tal 
eee Ts: 


* TECHNICAL INFORMATION CENTERS FOR RESEARCH, DEVELOPMENT 


NOW Comprehensive Data on 


AVAILABLE \@ Nagnet Wire Encapsulation 
— 


A series of thermal aging tests were run by Essex Magnet Wire Lab- 
oratories to determine the compatibility of a number of magnet wires 
with encapsulating compounds. This data has been compiled into a 
test report which can be used: as a guide in wire selection. Write for 
the complete test report or consult your Essex Magnet Wire salesman 


about the Essex Continuing Magnet Wire Testing Programs. 
The right insulation for every ap- 
plication with Essex Magnet Wire 


MAGNET WIRE DIVISION ESSEX WIRE CORPORATION, Fort Wayne, indiana 


Manufacturing Plants: Anaheim, Calif.; Fort Wayne, Ind.; and Hilisdale, Michigan 
National Network of Warehouses and Sales Offices ... Call Your Local ‘‘Essex Man"’ 
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MYCALEX 


CORPORATION OF AMERICA 


SUPRAMICA*’ 560 
ceramoplastic 


from the family of the world’s 
most nearly perfect insulation 


gives this MICRO SWITCH assembly 


total dimensional stability! 


This subminiature assembly—no bigger than your thumbnail—is a high-tempera- 
ture switch, the base of which is precision-molded of SUPRA MICA® 560 ceramo- 
plastic, an exclusive formulation of MYCALEX CORPORATION OF AMERICA. Precision 
made for the MICRO SWITCH Division of Minneapolis-Honeywell, and designed 
for use in missiles, aircraft and other electronic “hot spots,”’ the switch base has 
total dimensional stability at temperatures up to +750°F in this application, and 
offers a maximum temperature endurance of +932°F (unstressed) in many others. 
It has also been used in extreme /ow temperature applications as found in missile 
launching environments. 

Reports MICRO SWITCH: “Selection was founded on the characteristics of 
SUPRAMICA’S moldability, and dimensional stability and control. These are of 
utmost importance in the production and application of the 6SM switch. 

“It allows us to mold terminal inserts into the switch base, parallels the expansion 
characteristics of the stainless steel terminal inserts, and eliminates dimensional varia- 
tions during a production run. This promotes extended switch life and helps MICRO 
SWITCH maintain the quality and reliability for which our products are known. 

Precision-molded SUPRAMICA 560 ceramoplastic is a premium insulating 
material offering major economy in production scale runs. There are many 
MYCALEX CORPORATION OF AMERICA materials to meet your needs—for example, 
SUPRAMICA 620 machinable ceramoplastic offers a maximum temperature 
endurance up to +1550°F (unstressed). Write today for specific information. 


General Offices and Plant : 123-B Clifton Blvd., Clifton, N. J. 
Executive Offices: 30 Rockefeller Plaza, New York 20, N. Y. 


World's largest manufacturer of glass-bonded mica, ceramoplastic and synthetic mica products 
See us at Booth 1400, 1960 “Design Engineering Show,” New York Coliseum, May 23 to 26. 


Circle 200 on Inquiry Card ELECTRICAL MANUFACTURING 





25 

NISH v61 V 

LICONE VAR 

MODIFIED-S! wvervcst) aie 
(formerly ce PLUS high ~ te 


. sistance © =a 
High heat re e resistance 
’ nd moisrrequirements 


Of NS ECON OMM | pir dry or bake bonding 


e High build for secure 


— s is j S$ F requir, 
ee interm ements ; 
aS 2 Pe€ratures ittent 180°.29n0, With. 
SG Retains 1 200°C. tem. 
* Gives pj 


of tection 
. : CLASS F 155°C. 


j 


ULL 


WAT 
t ER 
; Exeenee*tration — high pb f 
n i | 
c emicals, ‘marance ns 


Oisture — ls, Solvents, 


Are new, compact, equipment designs creating new thermal 
problems for your insulating varnishes? Do you know the 
benefits that emulsion-type varnishes offer in higher build 
and bond strength? Are you getting all the advantages of 
recent improvements in insulating-varnish performance? 

You'll find new and better solutions to many insulating 
problems in the complete line of Sherwin-Williams Insulat- 
ing Materials. They provide a full range of choice in 
thermal rating, in physical and electrical properties, in 
types of solvents and in curing schedules. Ask for technical 
data on the representative varnishes listed here, or others 
to meet your specific needs. The Sherwin-Williams Co., 
General Industrial Division, Cleveland 1, Ohio. In Canada: 
2875 Centre St., Montreal. 


o4 
SHERWIN-WILLIAMS 


INSULATING MATERIALS 


oreo ow ee ee ew ee 
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Every 42.8 seconds a sparkling new Lark rolls 


off these Studebaker-Packard assembly lines 


How J-M Dutch Brand Plastic Electrical Tape Helped 
Studebaker-Packard Cut Electrical Down-Time 91.752 


. critical wir- 


ig 


Kes ing connection along Stude- 

baker-Packard assembly 

lines gets quick, complete protection with 
‘Dutch Brand Plastic Electrical Tape. 


Wiring connections everywhere at Studebaker- 
Packard’s South Bend plant needed durable pro- 
tection from multiple enemies. Production of the 
brilliant new Studebaker Lark was booming, and 
just one serious electrical failure could affect the 
whole six-mile assembly line. 

Durable, broad protection was found in Dutch 
Brand Plastic Electrical Tape. In one or two 
thicknesses, it gave high dielectric strength and 


exceptional resistance to the many enemies of 
wiring connections—among them, grease, oil, 
moisture, abrasion, acids. 

Savings? Hundreds of manhour dollars per day! . 
Instead of 12 minutes electrical down-time daily 
—or a production loss of about 16 Studebaker 
Larks—the average fell to one minute. Given as 
a reason for this savings was the switch to J-M 
Dutch Brand Plastic Electrical Tape. In one or 
two snug, economical turns, it gave pro- 
tection which could slash electrical 
down-time—broad, durable protection. 
See the full, fasc inating story behind \>> 
this enormous savings. Write for new 

“‘Studebaker-Packard”’ booklet! 


JOHNS-MANVILLE DUTCH BRAND DIVISION 


7800 South Woodlawn Avenue, 
In Canada—Johns- Manville Co., 


Chicago 19, Illinois 
Ltd., Port Credit, Ontario 


JM Jouns-MAaANvVILLE 


PROD 
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' Product-Design 
| BRIEFS 
| from Durez 


MIND OVER MOTOR 


This phenolic fan will help an electric 
motor run cool and quiet for years to 
come. 

It won’t warp out of shape if the mo- 
tor toils for hours in the hot sun or sits 
idle for days in a damp cellar. It won’t 
rattle or hum. 

To the men who make the motor, it 
means a better product; the right blade 
contour with no machining. Precise 
concentricity and balance, molded in. 
Light weight. 

Perhaps you could use these advan- 
tages of Durez phenolic in one of your 
products. Your custom molder will be 
glad to talk with you about it. 


THE BROWN-BROCKMEYER CO 


DECAR PLASTIC CORPORATION 


LESSON IN LAMINATES 


Think back—to a classroom of desks 
with varnished ink-stained tops gouged 
with the initials of your predecessors. 

Then think ahead, as the makers of 
school furniture are doing. They use 
tough plastic Decarlite desk-top sand- 
wiches—laminates that take pupil pun- 
ishment in stride. The best of these 
have a layer of Durez phenolic in them. 

Lesson for today: if you want a lam- 
inate to be stiffer and harder, to be di- 
mensionally stable, to last longer and 
hold its shape better, think of Durez 
phenolic resins. They’re low in cost. 
They bond, impregnate, harden—and 
stay that way for keeps. If you’d like to 
know more about what these versatile 
resins can do for you, write us describ- 
ing the problem. 


BRAIN FOR A BOMBER 


This is a read unit of a latitude data 
computer, part of the B-52’s intricate 
bombing-navigation system made by 
IBM. 

Engineers had trouble molding one 
part (arrow). They were using a plas- 
tic which required a high molding pres- 
sure. This high pressure damaged the 
steel part of the pin assembly by forcing 
it into the locating portion of the mold. 

A switch to a Durez diallyl phthalate 
molding compound was the answer. 
This material molds at lower pressures 
and provides the right physicals with 
virtual freedom from cold flow and 
creep. 

When you want reliability in a sys- 
tem—with no room for compromise—a 
Durez diallyl phthalate compound may 
be your solution, too. For data on these 
premium-quality materials, write us or 
check the coupon. 


a 


IBM FEDERAL SYSTEMS DIVISION 


For more information on Durez materials mentioned, check here: 





_] Phenolic molding compounds—descriptive Bulletin D400 
-) Phenolic resins—illustrated bulletin describing uses 
Diallyl phthalate molding compounds—data sheets 


Clip and mail to us with your name, title, company address. 
(When requesting samples, please use business letterhead.) 


DUREZ p.LastTics DIVISION 


1305 WALCK ROAD, NORTH TONAWANDA, N. Y. 


HOOKER CHEMICAL CORPORATION 


da 


CHE MAICALS 
hod 
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OPHAR 


 compounns 


Zophar Waxes, resins and compounds 
to impregnate, dip, seal, embed, or pot 
electronic and electrical equipment or 
components of all types, radio, tele- 


individual requirements vision, etc. 


Cold flows from 100°F. to 285°F. plain 
or fungicidal. 


SP a 


ELECTRICAL 
PORCELAIN 


Produced to meet your 


Special waxes non-cracking at—76°F. 
Let us help you with your engineering 
problems. 
For immediate service contact: 

L. E. Mayer, Sales Manager 

A. Saunders, Technical Director 

H. Saunders, Chemical Laboratories 


Phone SOuth 8-0907 


Send Your Drawings and Specifications to: 


AKRON PORCELAIN CO. 


2725 CORY AVE., AKRON 14, OHIO 


1 ZOPHAR MILLS, Inc. 
112-130 26th Street, 
Brooklyn 32, N. Y. 
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TONOX 


EPOXY CURING AGENT 


cole -Valde] SI h itil: . 
A 3 Pon ES The dark blue background 
electrical components a IA ‘Sow up in siarp relict 


prevents metal g aoe. = 
creases efficiency and 
accuracy. 


Write for sample 
on company letterhead 


THE DYKEM COMPANY 
Sy 2303F North 11th St. « St. Lovis 6, Me 


Popular 
8-oz. can Reed eek 
cone oe cap noting 


ee right at = ch: 
a + 
: metal surface ready 
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WIRE/CABLE STRIPPING 
MACHINES 


Cut costs 1/3 or more with 
high-speed, machine _ strip- 





gives LONG POT LIFE 


®@ minimum vapor hazard ® high strength ping. SPEEDCRAFT 


and skin staining fully automatic, brush- 


® low cost ® high moisture resistance 


Write for information 


Naugatuck Chemical 
Division of United States Rubber Company 


555X Elm Street, Naugatuck, Connecticut 
Rubber Chemicals - Synthetic Rubber - Plastics - Agricultural Chemicals - Reclaimed Rubber - Latices 


CANADA: Nougetuch Chemicals Division. Dominion Rubber Co.. Ltd.. Elmira, Onterie - CABLE: Qubexpert. 4.1. 
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® high heat distortion point type, and air-type ma- 


chines are precision-built 
and backed by over 30 
years’ specialized experi- 
ence. Proved-in-use de- 
signs, quality features 
throughout. Complete 
line includes an econo- 
mical machine for every 
stripping need. For 
prompt, accurate reply, 
send 3-foot sample and 
brief details. 


WIRE STRIPPER CO. 


1729 Eastham Avenue, Cleveland 12, Ohio 
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WHAT'S NEWS IN RUBBER 


eS 


Photograph courtesy of Casco Products Corporation, Coated fabric by Aldan Rubber Co. 


ENJAY BUTYL 


boosts quality in heating pads...1001 other products 


The Enjay Butyl coating on the pro- 
tective envelope of this heating pad 
boosts quality in some very practical 
ways... 


® Butyl coated fabric retains its flexi- 
bility .. . conforms easily to body con- 
tours and movements. 

® Butyl coated fabric is impermeable 
to moisture...protects delicate electri- 
cal parts. 

® Butyl coated fabric is tough and 
pliable...resists tearing, cracking and 
stiffening. 


® Butyl coated fabric is highly heat 


resistant...can be steam sterilized. 

@ Butyl coated fabric is chemically 
inert...needs no special treatment to 
resist attack by perspiration and 
bacteria. 

@ Butyl coated fabric heating pads 
have UL approval... have had it for 10 
years. 

In more than 1000 other appliances and 
places, Enjay Butyl delivers an un- 
matched combination of good properties. 
Resists heat, moisture and pressure in 
clothes washer door gaskets...provides 
outstanding arc resistance in bus bar and 
cable insulation...stands up to ozone, 


EXCITING NEW PRODUCTS THROUGH PETRO-CHEMISTRY 


ENJAY COMPANY, INC. 
15 West 51st Street, New York 19, N.Y. 


Akron « Boston « Charlotte « Chicago « Detroit « Los Angeles « New Orleans « Tulsa 
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sunlight, weathering in garden hose 
and window sealing. Butyl coatings 
add years of service life to worn 
asphalt shingles! 


For complete information, write or 
phone the nearest Enjay office. 
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flexible epoxy resin, 
CCR LU Ese 
SST LCE Sa: 


em UAT 
“SCOTCH” Brand Electrical Tape No. X-1099 A new pr oduct of 


has all the electric strength of fully-cured epoxy 

resin, with all the mechanical strength of glass 3M Research! 
cloth, combined in convenient pressure-sensitive ” 
tape form for Class F (150° C.) applications. 

Adhesive is non-corrosive and thermosetting. 

Backing is fully compatible with epoxy resin 

insulating systems — cleavage planes are 


eliminated. Write for complete information: 3M Co., 
900 Bush Ave., St. Paul 6, Minn., Dept. EAP-50. 


**SCOTCH’* IS A REGISTERED TRADEMARK OF 3M CO., ST. PAUL 6, MINN. EXPORT: 99 PARK AVE., NEW YORK 16, CANADA! LONDON, ONTARIO 


Electrical Products Division Mienesora finine ano )fanuracrurine COMPANY fg > 


eee WHERE RESEARCH IS THE KEY TO TOMORROW SS 


SH 
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Specify “ARN OLD” 


for yur MAGNETIC CORE requirements 


Top to bottom : Mo-Permalloy powder cores, iron powder cores, and Sendust cores. 


SILECTRON C-CORES, E-CORES and TOROIDS Arnold C MO-PERMALLOY POWDER CORES Available in a wide 


and E cores are made from precision-rolled Silectron strip in range of sizes, from .260’’ OD to 5.218’’ OD. They are given 
1, 2, 4 and 12 mil thicknesses. various types of enamel and varnish finishes, some of which 
They are supplied in a wide variety of shapes, and in sizes permit winding with heavy Formex insulated wire without 
from a fraction of an ounce to several hundred pounds. In supplementary insulation over the core. 
addition to standard transformer applications, they may also hese powder cores are supplied in four standard perme- 
be supplied for special applications such as saturable reactors, abilities: 125, 60, 26 and 14 Mu. They provide constant per- 
instrument transformers and pulse transformers. meability over a wide range of flux density, and in many 
Over 1,000 stock cores are listed in the Arnold Silectron cases may be furnished stabilized to provide essentially con- 
catalog. A wide selection of preferred sizes are carried in stock stant permeability over a specific temperature range. Large 
for immediate shipment. For complete data on C and E cores warehouse stocks of preferred sizes are carried for immediate 
and Silectron toroids, write for Bulletin SC-107A. shipment. Write for Bulletin PC-104C. 


TAPE WOUND CORES of High Permeability Materials 
Arnold tape wound cores are available made of Deltamax, 


4-79 Mo-Permalloy, Supermalloy, Mumetal, 4750 Electrical aoe 

Metal, Silectron, or the new rectangular-loop material, Super- — a ee = —_ me oe | pelle ee a ae 

mendur. All except Supermendur cores are available in stand- % nd RF an ok - - oils 4F cali rm tuning. FM coils 

ard tape thicknesses of 1, 2 and 4 mils; also in special ta tel a See “Alte eolla Sot hieen Soeaiee and bom- 

thicknesses of % mil, 12 mil or other, as required or feasible. b aaa 7 oh l A f. : ne berate Preferred 

Supermendur is presently available in 4 mil cores. clan aoe saueaaa in washes aed S, uick shipment A 
oroidal cores are made in 30 standard sizes with protective standard series of iron powder toroids is manufactured, 


nylon or aluminum cases. Special sizes of toroidal cores are conformin : 
agra ; ; : g to the standard sizes pro by the Metal 
produced to individual requirements. Write for Bulletin TC- Powder Industries. Write for Bulletin PC-109. 


101A. (TC-113A for Supermendur Cores.) 


BOBBIN CORES Arnold bobbin cores are available in a wide SENDUST POWDER CORES Available in a wide selection of 
range of sizes, tape thicknesses, widths and number of wraps _ sizes, ranging from .800’’ OD to 3.346’’ OD, and in perme- 
to suit the ultimate use of the core in electronic computer abilities of 10, 13, 25, 30, 50 and 80, although not all sizes are 
assemblies. Magnetic materials usually employed are Delta- available in all permeabilities. They possess magnetic prop- 
max and Square Permalloy in standard thicknesses of 1, 4%, erties generally superior to iron powder cores, but inferior to 
% and % mil. Bobbins are supplied in ceramic or stainless Mo-Permalloy powder cores in the audio and carrier frequency 
steel. Write for Bulletin TC-108A. range. Write for Bulletin SDC-110. 


Seveceeesees SPECIAL MATERIALS SSCS SEE ESET HHS HSEASHE SETHE EEE EEHE SESH HEESESESESESEEHESEEHEEESE ESSE EEE SEE SESE SE SEE EE SEES EEeEEee 


2V PERMENDUR ... a ferromagnetic alloy of cobalt, vanadium _ celerometers, phono pickups, microphones, ultrasonic grinding 
and iron that possesses high flux density saturation properties. and cleaning devices and underwater signaling devices. For 
Its magnetostrictive properties are useful in many transducer more information, write for Bulletin CM-116. 

applications. Write for Bulletin EM-23. 


VIBRALLOY . . . a ferromagnetic alloy of nickel, molybdenum 
and iron whose temperature coefficient of elastic modulus is 
controllable over a wide range. It has high ferromagnetic per- ~ 

i Mot oe 


meability, and a rather high coefficient of magnetostriction. 
Used in applications where a zero or controlled thermo-elastic SPECIALISTS in MAGNETIC MATERIALS 
THE ARNOLD ENGINEERING COMPANY, Main Office: MARENGO, ILL. 


coefficient is desired. 
BARIUM TITANATE . . . A piezoelectric ceramic widely used in ac- BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL CITIES 


IRON POWDER CORES A wide selection of cores is available, 
from simple cylinders to special cores of complicated design. 
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GET MORE PROTECTION 
FROM HEA at no extra cost 


Why settle for ordinary 105°C grade vinyl insulation tubing 
when Resinite Super-Heat 125 gives you far greater protec- 
tion from heat at no extra cost? 

Super-Heat 125, in 105°C applications, gives full protec- 
tion at temperatures from —42°C to 125°C plus protection 
from oil and pitch. This Resinite specification grade vinyl 
tubing is available in sizes from .018” to 2” I.D., and in 
clear as well as five colors. 

Your Resinite Distributor has complete information on 
Super-Heat 125 and other Resinite materials to solve your 
insulation sleeving problems. For samples and performance 
data, write: 

Resinite Department, The Borden Chemical Company, 
1 Clark St., North Andover, Mass., and P. O. Box 430, 
Compton, Calif. 


ELMER 


TTL 


Super-Heat 


rar 


"TTL 
insulation 
for all 105°C 
applications 


RESINITE SUPER-HEAT 125 


Extra-wide temperature range: Effective from —42°C 
to 125°C. 


Exceptionally tough: Highly resistant to abrasion and 
cut-through. 


e High Dielectric: 1000 volts/mil avg. 
e 5 Colors: Black, white, blue, yellow, green. 


e Superior Oil Resistance: Withstands prolonged exposure 


to hot oil, tar, varnish, pitch. 


e Full Size Range: .018 in. through 2 in. I.D. 
e Exclusive “Soft-Wound” spooling assures full-round 


sleeving. 


Resinite—specialists in vinyl sleevings and tubing for elec- 
tronics, electrical, aircraft and pharmaceutical fields. 


IF IT'S A Loren & Chemical IT'S GOT TO BE GOOD 


@The Borden Company 
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Dennison Industrial Crepe Paper 
proves best in these applications 


As field coil insulation in automobile starters and 
generators and fractional horsepower motors, Dennison 
Crepe Paper Tape costs about 40% less than varnished 
cotton. It stretches to shape ... hugs corners and leads 
... prevents voids . . . reduces likelihood of grounds... 
often eliminates need for varnishing and baking. 


As armature or phase insulation for automobile 
starters and generators and fractional horsepower motors, 
Dennison Crepe Paper Tape is replacing varnished or 
plain cloth, varnished cambric, rag and fish paper, coarse 
secondary and mill crepe. It costs less per pound than 
cloth and cambric. It eliminates need for crescent-shaped 
strips and cupped washers. No skeleton waste. 


As transformer insulation in oil-filled units of all types 
. . « power, distribution, regulator instrument and 
otential transformers . .. Dennison Industrial Crepe, 
in tape or sheet form, is used for a great variety of 
insulation jobs. Its lower cost, lack of contamination, 
high dielectric coupled with high tensile strength, edge 
tear resistance and stretchability make it the ideal 
replacement for any Class A material now used. 


Investigate! Dennison Crepe Paper Tape, made of 
saturating and high-density grades of electrical kraft 
comes in a wide range of stretches, widths and thicknesses 
... and dielectric strengths up to 1500 volts. 

Write for complete data today. 


¢ 
Helping you compete 


more effectively 
UFACTURING COMPANY 


Framingham, Mass. + Drummondville, Quebec * Offices in Principal Cities 
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furane’s 
EPOXY SOLVENTLESS 
VARNISHES 


for impregnating 
Motors, Transformers 
and Wire-Wound 
Devices 


Resistant to acids, JP fuels and Skydrol, Furane’s Epoxy 
Solventless Varnishes are outstanding dielectric materials that 
penetrate and insulate. Dimensionally stable, 100% solid Varnishes 
3-A and 3-B aid in eliminating fire hazards and allow motors to 
operate at lower temperatures, with resultant greater efficiency, 
economy and long life. 


Low initial viscosity, ability to gel readily at 150° - 200°F., 
and a pot life of approximately 30 days make Furane’s Solventless 
Varnishes easy and economical to use. Approved on MIL Specs, 
a outstanding resistance to both thermal and mechanical 
shoc! 


For concise technical information on these and other Furane Epoxies, 
call or write for Electrical and ical Pi jes On special 
problems, request our Application ire for an exact solution. 


furane plastics, '!NCoRPoRATED 
DEPT. EM 4516 BRAZIL ST. * LOS ANGELES 39, CALIF. * CHapman 5-1151 
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Quenches the Arc 
Non Tracking 
Trouble Free 


Made by the Dry Process Method 
using steel molds to form the 
snuffer which is matured 


at 2250° F. 


New Jersey 
PORCELAIN 


COMPANY 


New York Ave. and Plum St., 
P.O. Box 908, Trenton 5, N.J. 


Submit 
drawings 
and models 
for 
quotations 


hewn ead 
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a new symbol of magnetic progress 


Two established leaders — Indiana Steel Products and 
General Ceramics — Combine to Serve You Better 


This trademark is the calling card of a new leader in science-age 
LOUD-SPEAKER materials — Indiana General Corporation. It is born of a union between 


InDox V ceramic 
permanent mag- 
net provides high 
energy level 

reduces speaker 
length and weight. 


two established leaders — The Indiana Steel Products Company in 
permanent magnets... the General Ceramics Company in ferrites and 
memory systems. Together, as Indiana General Corporation, they serve 
you better by placing at your disposal the brains and resources of two 
scientifically oriented concerns. Research and development have been 
the backbone of both of the original companies; both have records of 
significant achievement in their particular fields. 

Indiana General can help you “design-engineer” your products with 
the latest magnetic innovations. If you have a design problem, the 
Indiana General sales engineer in your area will be most happy to 
advise you. And, behind him, our experienced scientists and design 
engineers are available for consultations ~— at no cost or obligation. 
Write us outlining your problems, 


MEMORY SYSTEM 


New microstack 
unit for coincident 
current memory 
systems saves 90‘ 

of space required 
by conventional 
stack, yet is more 


MAGNETRON 


Powerful Hyflux 
ALNICO V magnets 
improve perform- 
ance in many 
types of micro- 
wave equipment. 


AUTOMATIC 
DIRECTION FINDER 


Ferramic “E”’ mag- 
netic core materi- 
al helped engi- 
neers create anew 
concept in aircraft 
antenna design. 


reliable. 


This is Indiana General Corporation 


INDIANA STEEL PRODUCTS DIVISION Valparaiso, Indiana ® Metallic and Ceramic Permanent Magnets 

GENERAL CERAMICS DIVISION Keasbey, New Jersey ® Ferrites, Memory Products, Technical Ceramics and Chemical Stoneware 
ADVANCED VACUUM PRODUCTS (Subsidiary) Stamford, Connecticut © Alumina Ceramic-to-metal Hermetic Terminals 

STEARNS MAGNETIC PRODUCTS DIVISION Milwaukee, Wisconsin © Magnetic Materials Handling and Separation Equipment 

THE INDIANA STEEL PRODUCTS COMPANY OF CANADA LIMITED Kitchener, Ontario © Permanent Magnets and Stainless Steel Castings 


If your product involves magnets or ferrites, Indiana General can help you make it better. 


re-F CORPORATION 
VALPARAISO, INDIANA 
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e State of the Art 
Review 


WILLIAM ARROTT 


Associate Editor 


Systems 


Seu t Mo lmaLecl tel aay) 


e Power-Supply Circuit Design by Digital-Computer Method 


e Digital 
Methods 


Speed-Control 


Analysis by Analog-Computer 


e Plus: Selected Research Notes, Design Trends, New Litera- 


ture, and New Components 


Systems Engineering 
reshold of Maturity 


Approaches Th 


WitH THE NATION’s annual R & D budg- 
et exceeding $12 billion, it is small 
wonder that constant change has be- 
come almost a way of life instead of 
an attribute, and that a leading edu- 
cator such as Gordon S. Brown of MIT 
can re-define engineering as the “art 
of organized forcing of technological 
change,” with little fear of losing alumni 
support. In an age when the invention 
of the tunnel diode can seemingly make 
obsolete several “unborn generations” 
of digital computers, it smacks of her- 
esy even to suggest that an art as young 
as systems engineering is reaching ma- 
turity. Yet there are unmistakable signs 
that this is happening. 

Few ideas have had the technological 
impact of the abstract concept called 
“systems engineering.” Ten years ago 
the phrase “systems engineering” was 
pretty much the property of the electric 
power distribution field. Today, systems 
engineering has emerged as a full- 
fledged art in its own right—not as a 
separate engineering discipline, but 
rather as a super-discipline that cuts 
across many boundaries—professional 
and applicational, as evidenced by the 
fact that... 


e The AIEE, ASME, IRE, ISA and 


other professional engineering societies 
individually consider systems engineer- 
ing to fall within their self-defined 
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areas of responsibility, yet cooperate 
with each other in sponsoring joint con- 
ferences such as the National Auto- 
matic Control Conference and the Con- 
trol Systems Components Conference, 
and in supporting interdisciplinary 
organizations such as the International 
Federation of Automatic Control. 

e Machine-tool control systems, mis- 
sile-control systems, chemical-process 
control systems, analog and digital com- 
puters, data-processing systems, air- 
traffic control systems, automatic ware- 
housing systems, microwave relaying 
systems, mail-sorting systems, closed- 
circuit TV systems—all these and many 
more represent different applications of 
the same basic principles. To varying 
degrees these use the same materials, 
components and techniques, and in an 
increasing number of cases are designed 
by the same group of engineers. 

Systems engineering activities, of 
course, are not new but have been 
going on for a number of years. In 
the automotive industry, where automa- 
tion got its name, production and tool 
engineering groups integrate component 
machine tools into production lines. In 
the chemical industry much of the proc- 
essing equipment has been designed 
and built by internal machine-design 
groups. Electrical equipment manufac- 
turers maintain special applications en- 
gineering groups serving the systems 


needs of customer industries such as 
electric utilities, machine-tool builders, 
steel mills, etc. Control-panel builders 
often serve a single industry—petro- 
leum refining or mining, for example. 
The business-machine industry has ad- 
dressed itself to the systems needs of 
offices generally. Weapons systems and 
defense needs have formed an industry 
in themselves, The telephone system is 
perhaps the greatest single example of 
applied systems engineering one c*n 
name. 

It was from these specific-problem- 
oriented systems-engineering activities 
that the general function of systems 
engineering evolved. Each of these ac- 
tivities had from its inception em- 
bodied the application of basic systems 
engineering principles, even though jar- 
gon and stylized approaches served to 
camouflage the fact. That systems engi- 
neering principles are now being ap- 
plied directly, and identifiably so, in 
these activities, testifies to the growing 
awareness of engineers in different 
fields of the similarities of each other’s 
problems and their solutions. But this 
is not in itself evidence of approaching 
maturity in the art of systems engineer- 
ing, for these activities would have 
“struggled along” even without the 
benefits of systems engineering per se. 
What has signalled an approaching ma- 
turity is the increasing number of in- 
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stances where engineers have been able 
to apply systems engineering principles 
to the successful design of complete 
systems for applications with which the 
designers have had little previous expe- 
rience and in which they have only 
secondary interest. 

The development of numerical con- 
trol of machine tools is a noteworthy 
example. Although several machine- 
tool builders now have their own nu- 
merical control systems, the concept of 
numerical control came from, and the 
first technically successful systems were 
built by, engineers of the MIT Servo- 
mechanisms Lab, IBM, Bendix, GE and 
others. These men brought to the de- 
sign job little previous knowledge of 
the problems of manufacturing in gen- 
eral or of metalworking in particular. 
They brought instead a concept, an 
abstraction, that forms the basic prem- 
ise of systems engineering: 


that by properly implementing the basic 
laws of mathematics and logic, it is (and 
always has been) possible to mechanize 
intelligence to accomplish any task that 
can be resolved into specific physical 
actions of power-transfer devices. 


This concept made it possible for the 
complete fund of scientific knowledge 
to be applied to the problem of moving 
machine slides, limited only by the ca- 
pabilities of existing materials and com- 
ponents and the vision of the designer 
—more specifically, his ability to 
perceive the essentials of the problem. 

Numerical control demonstrated not 
only the practicability of the systems- 
engineering approach, but also demon- 
strated the latent power of the systems- 
engineering concept. The real signifi- 
cance of numerical control was not that 
machines could be programmed “by the 
numbers,” but that machinery design- 
ers could direct their full creative pow- 
ers toward problems of metalworking, 
secure in the knowledge that more than 
adequate control means would be avail- 
able for developing the inherent capa- 
bilities of any machine they could build. 


Systems Engineering as an Art 


The significance of systems engineer- 
ing can be demonstrated not only by its 
manifestations, some of which have 
been touched on, but also by its very 
nature—the things a systems engineer 
is supposed to practice. Two years ago, 
at the IRE National Convention, a panel 
of engineers and educators tackled the 
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In turn, this made it possible for ma- 
chine-tool builders to become suppliers 
of complete manufacturing systems for 
integrating their customer’s materials, 
components and ideas into finished 
products. 

In many other areas, the application 
of systems-engineering concepts has 
similarly enlarged the scope of systems 
capabilities and realigned systems ac- 
tivities, shifting system-design responsi- 
bilities from operating groups (or ad- 
juncts thereof) to systems-engineering 
groups organized to design systems for 
any field in which mechanized intelli- 
gence was required. 

This has resulted in (for example) 
General Electric’s building for the 
Bank of America an integrated check- 
processing system incorporating mag- 
netic character recognition equipment. 
Minneapolis-Honeywell is now install- 
ing for the Philadelphia Electric Co. a 
computer control system to optimize 
system performance for lowest cost 
power generation. In the Washington, 
D.C., main post office and in many other 
locations, letter sorting has been semi- 
mechanized and Detroit-style automa- 
tion applied to parcel-post dispatching 
on a systems-engineering basis. Mean- 
while, an R & D group in the U. S. 
Post Office Department is coordinating 
the work of individual contractors in 
engineering the postal system into a 
single mail-box-to-mail-box automation, 
possibly using electronic communica- 
tions media to replace or at least sup- 
plement physical transportation as the 
distributing element. 

In the chemical processing field, 
systems-engineering concepts are be- 
ginning to relieve chemical engineers 
of the need to build control into their 
systems. It had been traditional to 
build processing systems to move large 
amounts of material-in-process at a 
relatively low rate so that the inherent 
sluggishness would serve as a brake 
on the system’s going out of control. 
The control capabilities of closed-loop 
control systems, such as the one Thomp- 
son - Ramo- Wooldridge has designed 


still-unsolved problem of educational 
needs of systems engineers. The prob- 
lem, as we then reported it,* was that 
“in an age when the exponential accu- 
mulation of new technical knowledge 
seemingly dictates superspecialization 


**What Makes a Systems Engineer?’’ Exectrnicat 
Manuracturtnc, May 1958, p 14. 


around its RW-300 digital computer 
for the vinyl chloride processing instal- 
lation of B. F. Goodrich at Calvert City, 
Ky., now gives process engineers the 
design freedom to utilize process dy- 
namics rather than to inhibit them. 

Automatic air-traffic control would 
not have been possible without systems 
engineering “know-how.” There was no 
precedent for breaking the back of the 
“stack” and it took a thorough knowl- 
edge of systems-engineering principles 
in their purest form to design flight- 
director systems such as Philips is now 
installing at the Schipol airport in 
Amsterdam, Holland. While the initial 
function of scheduling takeoffs from 
“punched-in” flight plans may not re- 
quire much in the way of circuit so- 
phistication, the fact that computers 
are being given even limited responsi- 
bilities in the actual operation of an 
air terminal is proof that systems engi- 
neering is receiving acceptance as a 
mature art. 

And_ no _ state-of-the-art summary 
would be complete without at least 
mentioning the tremendous contribu- 
tions of systems-engineering concepts 
to the advances in military and space 
technology. [Here, where the main 
problem has been (and still is) how 
to state the problem (and the real “ene- 
my” is the “unknown” body of scientific 
principles a potential adversary might 
learn to use first) is perhaps the only 
technical area where systems engineer- 
ing has a basic limitation. And this 
limitation is essentially man’s uncer- 
tainty, his lack of specific knowledge 
of what he wants or has to do. Systems 
engineering can’t define goals: it can 
only point the way to achieving them 
once they can be defined physically.] 
But of greater concern here is the sig- 
nificance of systems engineering as an 
art and its ability in non-military areas 
to meet the challenge of that constantly 
shifting combination of 
economic, political and spiritual pres- 


sociological, 


sures whose imbalance gives rise to a 
net force called “progress.” 





on the part of the individual . . . how 
then does an engineer attain the breadth 
and stature necessary to bring together, 
choose from, and coordinate the various 
engineering and scientific disciplines 
required for the successful conception, 
development, design and production— 
within practical limitations of time and 
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money—of a modern integrated system 
that meets the true needs and desires 
of a fundamentally non-technical so- 
ciety?” 

Systems engineers, the panel felt, the 
men who would be charged with the 
decision of what a system will be and 
how it is to be realized, as well as the 
responsibility to produce it, would be 
drawn from those men who could edu- 
cate themselves to: 

e Have sufficient breadth in the hu- 
manities (history, art, literature, phil- 
osophy, etc.) and the soft sciences (eco- 
nomics, psychology, etc.) to recognize 
the real problems the system must meet 
—as well as the purely technical prob- 
lems with which the engineer is tradi- 
tionally concerned. 

e@ Understand the “scientific method” 
well enough to apply it within and with- 
out the field of science. 

e Be both a harmonious team mem- 
ber and a potential team leader. 

e Be problem-oriented rather than 
tool-oriented. 

e Know a great many solutions to a 
great many problems, because in a 
practical world most solutions are built 
on other solutions. 

e Know the “language” of all dis- 
ciplines (math, physics, chemistry, me- 
chanical engineering, electrical engi- 
neering, etc.)—i.e., the jargon, basic 
approaches to problems, past accom- 
plishments and present frontier prob- 
lems of each discipline, and the simi- 


The Specialties of Systems Engineering 


Although systems engineering in a 
sense encompasses all disciplines, there 
are certain tools and specialized tech- 
niques which distinguish systems engi- 
neering and the specialties that serve 
systems engineering. From an_ evolu- 
tionary point of view, this central core 
of systems science (if you please) grew 
out of the once separate endeavors of 
communications engineering, computer 
engineering and control engineering. 
Indeed, it was the common aims and 
techniques of these three fields that led 
to systems engineering. All three use 
mechanized intelligence, in one case to 
vibrate a loudspeaker, in another to 
actuate print-out solenoids, or to oper- 
ate a valve or motor. Essentially the 
same design techniques are used for 
telephone dial systems, digital comput- 
ing circuits and machine-control switch- 
ing circuits. 

This was not always obvious to all 
concerned. Westinghouse Electric Corp. 


MAY 1960 


larities or analogies between disciplines. 

e Be well grounded mathematically, 
including statistics and probability. 

e Have a broad knowledge of mate- 
rials (of which all systems are made) 
and the effects of the environment— 
both physical and social—in which they 
must perform. 

e Learn the “specialties” of systems 
engineering—information theory; com- 
puter technology; digital techniques; 
mathematics of servomechanisms, auto- 
matic controls and self-optimizing sys- 
tems, etc.—as they evolve. 

To this list of specifications two im- 
portant qualifications were applied: 

e The systems engineer should be- 
come sufficiently schooled in some one 
discipline to acquire depth and avoid 
superficiality. Yet, he should not be- 
come so thoroughly entrenched in a 
specialty that, in the case of an engi- 
neer, he becomes prejudiced toward 
the electrical, mechanical, hydraulic, 
etc., solution, or in the case of a mathe- 
matician or physicist, he becomes too 
intrigued with ideal or academic con- 
siderations to get the job done on time 
and within the budget. 

e Systems engineering, unlike many 
of the specialties, cannot be learned in 
a purely academic surrounding removed 
from practical industrial situations any 
more than medicine can be learned 
without a hospital and living patients. 

No one man is ever likely to master 
the art. But the more complex the sys- 


provided the systems engineering art 
with an invaluable service when it in- 
troduced its Cypak line of magnetic- 
amplifier devices for machine-tool con- 
trol as logic elements and labelled 
them AND, OR, NOT, etc. 

The general applicability of logic 
to control is true also of the whole 
body of information theory. 

But the greatest single factor in 
emergence of systems engineering was 
the development of analog and digital 
computers. Computers as design tools 
made it possible to analyze, synthesize 
and simulate systems that at best could 
only have been roughly estimated by 
“hand” in anything approaching a 
reasonable design time. (But as one 
old-timer puts it, the digital computer 
gives the design engineer a unique op- 
portunity to get in the wrong “ball 
park” to seven significant figures, with 
a room full of paper to “prove” it). 

Seriously, though, the computer has 


tem under design becomes, the greater 
the need for each of the above skills 
and experiences to be represented in 
the systems-design group. Above all, 
systems engineering requires a balanced 
approach in its application—principles 
and practice, knowledge and experience 
are all required, each fully as important 
as the other. 

This picture of the systems engineer- 
ing personality suggests a definition of 
the art of systems engineering as: 


the organized application of man’s total 
fund of knowledge and experience to the 
implementation and mechanization of 
ideas to solve specific physical problems. 


Once again it should be stated, how- 
ever, that systems engineering does not 
of itself produce the idea; it merely 
implements the idea. Nor is it the prov- 
ince of systems engineering to attack 
any but physical problems. (As individ- 
uals, engineers may have opinions 
about how to solve economic, sociologi- 
cal, political, moral or spiritual prob- 
lems, but these are problems that, in 
the writer’s opinion at least, are beyond 
the scope or capability of any kind of 
engineering. One often hears the state- 
ment that building such and such a 
physical system will solve a certain 
non-physical problem. No one can deny 
that physical systems have had econom- 
ic, sociological, etc., effects, but more 
often than not the effect was an un- 
expected one.) 





changed system-design procedures to 
such an extent that in awarding the 
contract for a ship model basin drive 
and control system requiring 4 of one 
per cent speed regulation, the Navy 
Dept. picked the manufacturer whose 
system design procedure appeared most 
likely to provide the optimum system. 
The computer has also made on-paper 
designs a product in themselves. 

The computer has also raised the level 
of systems capabilities by serving as a 
component. For complex applications, 
a general-purpose computer can be 
built right in, for others a_ special- 
purpose computer can be constructed. 

The computer is also a testing tool. 
For one particular control system, three 
computers were used. One was used to 
design the system, another was inte- 
grated within the system as primary 
controller, and a third was used to put 
the second through its paces in the 
debugging process. 
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Other significant contributions of 
computer technology to the control sys- 
tems art, in addition to providing a 
veritable warehouse of logic circuits 
(not only the now conventional ANp, 
OR, NOT circuits in their many forms 
but also the highly versatile NoR cir- 
cuit, which can be used as the basic 
element of any logic configuration), 
include the general field of digital 
techniques and its logical extension to 
sampled-data systems. Many of the ad- 
vances of systems technology have de- 
pended on the fact that data can be 
quantized and coded in 
an absolute rather than a relative man- 


information 


ner, and that information in discrete 
form can be manipulated and _ trans- 
ported and stored to be used when 
needed. 

Quite apart from the techniques of 
systems engineering—information the- 
ory, logic, digital and analog methods 

-and quite apart from the tools—an- 
alog and digital computers, hybrids, 
general purpose, special purpose—es- 
sential to the development of systems 
engineering have been three basic ideas. 
Each has proceeded from the other, 
and much of what is called control 
theory has been formulated in order 
to have a systematic method of apply- 
ing these ideas. 

The first idea was that of inherent 
control; that is, build into the system 
whatever rigidity and precision was 
necessary to ensure the required per- 
formance. Once the concept of feed- 
back control was established, this early 
form of control became known as open- 
loop control. But, “before feedback,” 
inherent control was the only kind of 
control man knew how to handle. 
Switching circuits, machine automation, 
etc., are examples of inherent control. 
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Feedback control introduced the pow- 
erful concept that whatever man could 
measure he could control. Feedback 
was originally used in the radio field 
to regulate amplifier gain, and in the 
computer field as a mathematical oper- 
ation. But in the control of systems, 
feedback represented a method where- 
by a system could measure its perform- 
ance, compare this with its instruc- 
tions, and act to correct any deviations. 
By incorporating a sufficiently precise 
measuring system, power-transfer de- 
vices could thus be made to perform 
with greater precision than they were 
inherently capable of. Around this con- 
cept grew a whole body of theory and 
technique for system design—including 
a variety of refinements to relate linear 
ideals to non-linear facts-of-life. During 
the 1950’s, feedback control systems, 
or closed-loop servomechanisms, were 
developed to a high degree of preci- 
sion—so much so that the limitations 
inherent in the feedback concept began 
to be a matter of concern. This was 
particularly true of the chemical-process 
and space-aeronautical fields. 

So adaptive control began to enter 
the picture. Initially it took the form 
of introducing nonlinear variable-gain 
or on-off devices into the system that 
would react not only to the sign of 
the error signal, but also to the mag- 
nitude of the error signal or the rate- 
of-change of the error signal. Similarly, 
the magnitudes of the inputs or out- 
puts, or rates of change of same, could 
be used to change system parameters. 
By extending the feedback concept to 
include self-measuring techniques in 
general, feed-forward, anticipation and 
other functions could be similarly ac- 
commodated by the theory. 

The next step was to break away 
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completely from the self-measurement 
limitation and introduce controls that 
measured external variables as well as 
secondary effects within the system in 
order to “control” the control, or per- 
form side experiments to see if the 
system might not function better at a 
different operating point. This is rough- 
ly where the systems art is today—at 
the threshold of a workable adaptive 
systems technology. 

Elementary adaptive control princi- 
ples have been applied to change the 
settings of thermostats, balance bridges 
in automatic testing systems, to some 
extent in fire-control and missile guid- 
ance, and in experimental games-play- 
ing systems where self-learning func- 
tions are also being incorporated. 

At present there is no clear-cut defi- 
nition of adaptive control systems as op- 
posed to feedback control systems. The 
words adaptive, optimizing, optimaliz- 
ing are used interchangeably by some 
and attributed with subtle differences 
by others. Undoubtedly a definition will 
emerge. But for the time being, as Dr. 
John G. Truxal of Brooklyn Poly put 
it before the National Electronics Con- 
ference in Chicago last October, adap- 
tive control is a “point of view.” 

This report is likewise an attempt to 
present systems engineering as a point 
of view. There are no degrees being 
granted in systems engineering and 
systems engineering draws on all en- 
gineering talents and disciplines. Yet 
it still has its own technology. A final 
philosophical consideration of systems 
engineering is the possible “death” of 
the product as such—instead, the sur- 
viving concept may be that everything 
made is a component of some larger 
system and must be designed and ap- 
plied from that point of view. OOO 


“The Load-Torque Factor in Precision 
Gear Backlash,” W. Aksamit, August 
1958, p 98. 

“Combined Analog-Digital Control Sys- 
tems,” M. H. Nothman, June 1958, 
p 78. 

“Basic Statistics for the Design Engineer,” 
J. L. Jenkins, May 1958, p 105. 

“The Anatomy of Automation,” G. H. 
and P. S. Amber, January-February 
1958. 


Articles to be published in near-future is- 
sues of ELECTRICAL MANUFACTURING: 


“Survey of Adaptive Control Devices,” 
R. A. Mathias and R. I. Van Nice. 

“A Systematic Method for the Design of 
NOR Logic Switching Circuits,” L. J. 
Nunley. 

“Using the Digital Computer in Design 
Engineering,” B. Mittman and R. Wise. 


Most of the above-referenced articles fea- 
ture extensive bibliographies and references 
to primary sources. 


ELECTRICAL MANUFACTURING 





Dynamics of Hot-Gas Servos 


Hot-gas servos are replacing hydraulic 
servos in many applications, particularly 
in missiles. They offer a number of ad- 
vantages, but also present several rela- 
tively difficult problems. Of particular 
importance is the controlling of the dy- 
namic response of an actuator which is 
driven by an extremely compressible 


fluid. 


servos do not measure up to some of the 


In such considerations, hot-gas 


rules of thumb normally used for hydraul- 
ic applications. New standards and con- 


cepts are required. 


R. V. HALSTENBERG, Senior Dynamics Engineer 
W. A. KAUFMANN, Dynamics Engineer 

CONVAIR 

San Diego, California 


Hot-GAs SERVOS have recently become quite popular in 
the aero-space industry. The basic appeal of the hot-gas 
servo is that gases are used directly as a power source 
to move controls: compare this type of operation with 
the conventional missile auxiliary power unit in which 
gases are used to drive a turbine which, in turn, drives 
a pump which pressurizes hydraulic fluid which powers 
the control actuator. Elimination of the extra power con- 
version equipment by using the hot gas directly can 
result in reductions in weight, size and cost. 

Hot-gas servo systems can vary widely in their ap- 
pearance but they consist essentially of (1) a gas source, 
(2) a control valve, (3) an actuator, and (4) feedback 
elements. These major parts will be described briefly. 
It is assumed that the system is to move a control surface, 
swivel of nozzle, or rotate an engine in some type of 
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missile or space vehicle where size and weight are of 
prime importance. 

The gas source is usually either a solid or a liquid 
propellant gas generator. Gas from the vehicle’s main 
rocket engine has been found unsuitable in most cases. 
The solid propellants burn at a constant rate and pro- 
vide the simplest type of generator. On the other hand, 
liquid propellants can be controlled to give a variable- 
delivery generator which is more economical for longer 
operating times. 

Valves can be divided into two broad categories: open- 
centered and closed-centered. Open-centered operation 
is characterized by a large quiescent flow when the valve 
is at null. The most popular of the hot-gas valves, shown 
schematically in Fig. 1, is discussed in detail in an 
ASME Transactions paper.* It is actually an over-grown 
nozzle and flapper combination such as is commonly 
used as a first stage for electrohydraulic servo valves. 
An important feature of this design is the inherent pres- 


* “Analysis and Design of a Servomotor Operating on High-Pressure Compressed 
Gas,” G. Reethef, ASME Transactions, May 1957, p 875. 


Fig. 1 — Hot-gas servo with open-centered valve and “push-push” 
pistons. 
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Fig. 2 
tional piston. 


sure feedback. If the flapper moves over to close off one 
of the nozzles, an increase in pressure on that side tends 
to relieve itself by applying a force which moves the 
flapper away. Open-centered valves may also have fixed 
exhaust and variable inlet orifices or both the inlet and 
the exhaust ports may be variable. 

Closed-center valves for use in hot-gas servos operate 
in a manner similar to that of the ordinary hydraulic 
spool valves. Displacing the valves opens supply pres- 
sure to one side of the linear actuator and opens the 
other side to exhaust. At null there is little or no flow 
either to or from the actuator. However, the spool is 
generally regarded as unsuitable for porting hot gases. 
The most successful closed-center valves applied to date 
have been variations of the plate configuration shown in 
Fig. 2. By making the width of the exhaust slot different 
from that of the inlet slot, the characteristics of the 
servo may be changed somewhat. Slots of equal width 
give an average or standby pressure in the actuator of 
about 80 per cent of supply pressure. When the exhaust 
slot is made twice as wide as the inlet slot, the average 
actuator pressure becomes 50 per cent of supply pres- 
sure. The higher operating pressure gives slightly better 
stiffness characteristics but requires more gas per unit 
of power output. 

Valves are usually positioned by a d-c torque motor 
or a first stage with a torque-motor input. Pressure or 
transient pressure feedback is often incorporated into 
the valve to improve the dynamic characteristics of the 
servo. This built-in feedback may be a natural part of 
the valve behavior as in Fig. 1, or it may have to be 
achieved by sensing pressures with bellows, diaphragms, 
or pistons which move the valve when they are displaced. 
The use of strictly mechanical input valves for gas servo 
control seems to be rather limited by problems which 
arise from the compressibility of the gas. On the other 
hand, the ambient temperature capability of gas servos 
is presently limited by the torque motor’s temperature 
capability. 

Actuators are usually either the conventional linear 
double-acting piston shown in Fig. 2 or the “push-push” 
pistons shown in Fig. 1. The dual piston arrangement 
is somewhat simpler and probably less expensive to 
manufacture than the conventional type, but it also 
weighs more and requires more installation space. 

There is also a variety of low-pressure, high-speed 
rotary actuators which are geared down in order to make 
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Hot-gas servo with closed-centered valve and conven- 


their output suitable for control applications. It has 
heen suggested that the high-speed actuators have an 
advantage since the gearing can be made irreversible. 
Other versions of these actuators are claimed to be 


superior because both the volume of gas and the apparent 
load mass are smaller than they would be with a simple 
piston. However, the sealing problem of the rotary actu- 
ators, the increase in actuator complexity, and the fric- 
tion levels required for irreversibility all tend to counter- 
balance the advantages cited. Usually, the best actuator 
for any specific application must be determined by the 


specific requirements. 

In addition to any pressure feedback which might 
be built into the valve, a hot-gas servo usually has an 
electrical position pickup and possibly an electrical 
velocity pickup. Mechanical position feedback through 
springs or linkages is subject to the same friction prob- 
lems that limit the usefulness of the mechanical input 
valve. Since special compensation is often required by 
gas servos, the amplifier which sums the electrical signals 
and drives the torque motor may be specially designed 
to give this compensation. Thus, a velocity pickup might 
be eliminated by effectively differentiating a position 
signal in the amplifier. 

Performance Equations. The equations which de- 
scribe the behavior of a hot-gas servo are nonlinear and 
of little or no use in the standard servo analysis tech- 
liques such as root locus plots or Bode plots.* Figure 
3 shows the quite nonlinear relationship between flow 
and pressure. Even though the equations can be handled 
on an analog computer, the number of multipliers and 
function generators required to make the complete simu- 
lation result in a complex setup of questionable utility. 
However, if linear approximations to the nonlinear equa- 
tions are used, analysis and synthesis are considerably 
simplified. The proper linearized equations will predict 
performance quite accurately. The equations given are 
for a piston-type actuator since it is the standard to 
which the various rotary devices must be compared. 

As in the equations for a hydraulic servo, the gas 
flow which remains in each side of the cylinder is split 


*See the series ‘“‘Automatic Control System Design,’ Ira Ritow, Evecrricat 
Manuracturinc, April-September 1959. (Available as a combined reprint. For 
ordering information, see page 340. 
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Fig. 3 — Nonlinear flow coefficient. 
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into a rate component and a compressible component. 
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W,= 
This equation assumes that the actual changes in the 
cylinder pressure and volume are sufficiently small that 
only their rates of change are important. (See list of 
symbols. ) 

The biggest changes in the weight of gas in the 
cylinder are controlled by the valve. If the valve is 
open-centered, the average inward flow is equal to the 
average exhaust flow so these steady-state terms do not 
appear. However, a drop in cylinder pressure will tend 
to increase the inlet flow and reduce the exhaust flow. 
The net effect is an inward flow. 
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The symbol C,, involves the partial derivative of flow 
with respect to pressure ratio and is plotted in Fig. 4. 
Valve flows due to valve displacement are handled as 
follows for open-centered valves: 


0.53 dA, dA 
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The sign on the exhaust-area change with respect to 
valve displacement may cause some confusion. As used 
here, positive valve displacement causes positive piston 
displacement. Thus, when Y is positive, dA,,/dY and 
dA,./dY are positive and dA,./dY and dA,,/dY are 
negative. 

A linear relationship for a closed-center valve is rather 
difficult to obtain. A quasi-linearized relationship may 
be obtained by setting dA,,/dY and dA,./dY = to zero 
when Y is positive. When Y is negative, it is dA,,/dY 
and dA,./dY which are zero. An analog computer rep- 
resentation of Eq (3) for a closed-center valve could be 
made by the use of four diodes. The completely linear 
relationship is obtained by multiplying the right side 
of Eq (3) by 2 and evaluating the derivatives where 
they exist. 
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Fig. 4— Pressure change flow coefficient. 


Some of the terms used thus far are more general than 
might at first be supposed. For example, A,» includes 
any leakage around the rod end as well as the intended 
average exhaust area in the valve. Also, to represent the 
valve in Fig. 1, simply set the change in inlet area per 
valve opening to zero. 

The across-piston leakage has not yet been considered. 
For the conventional double-acting piston, this flow is 
controlled by the cylinder pressures. In order to obtain 
a linear relationship, it is assumed that the piston leak- 
age is proportional to differential pressure. 
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However, it is the variation in this flow that is of interest 
since steady-state flows have no dynamic effects. 
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Fig. 5 —- Block diagram of valve and actuator. 
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Fig. 6— (a) Schematic of stabilizing auxiliary volumes. (b) 


Block diagram modification for auxiliary volumes. 


There is no need to use a separate expression for the 
piston leakage in the push-push actuator since the leak- 
age areas can simply be included in the average exhaust 
area, 

All of the equations to this point are presented in a 
single block diagram in Fig. 5. The principal summing 
operation is subtracting outward flows from inward 
flows in order to obtain the net flow to the cylinder. By 
using Fig. 5, the linearized equations for a piston-type 
hot-gas servo may be written for any operating point 
and for any steady-state load. The diagram is for a mass 
and some constant load, but may be altered quite easily 
to include a load spring and a load damper.* 

Auxiliary Volumes. The previous equations are 
suflicient to describe most gas servos. However, some 
servos contain auxiliary volumes. It has been found 
that the open loop of a gas servo can be damped by 
adding a volume which is connected to the cylinder by 
a flow restrictor of the appropriate size. Similar volumes 
are added when transient pressure feedback is built 
into the valve and the dynamic effect must be considered 
unless the volumes are extremely small with respect to 
the cylinder. Of course, the best approach is to include 
these volumes until it has been established definitely 
that they are negligible. The equations are simple: the 
flow through the restrictor is assumed to be propor- 
tional to the pressure difference and the pressure in the 
volume is assumed to lag the pressure in the cylinder 
by the time constant of the volume-restrictor combination. 
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*In Fig. 5, the letter ‘‘s” denotes the Laplace operator, which essentially 
represents a differentiation with respect to time (1/s denotes integration). 
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Combination of these equations eliminates P,,. The 
result is best written as a Laplace transformation. 
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Figure 6 shows how this equation is added to the com- 
prehensive block diagram. 

Although the complete linearized equations are easier 
to analyze than the actual nonlinear describing equa- 
tions, there is still a need to establish a feel for the 
general effect that each variable contributes. One of 
the more important characteristics of a gas servo is 
the relative softness of the gas spring. This characteristic 
can be evaluated using Fig. 5 by assuming no leakages 
and a closed-center valve such that W,, and W,.. are zero. 
[he critical equation may be written by tracing the 
two loops around from Mx. 
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The term in brackets is the dynamic gas spring. A useful 

concept is that of the gas springload mass natural fre- 

quency which is obtained by taking the square root of 

the ratio of the spring to the mass. 
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Whereas the hydraulic resonance is usually beyond the 


range of operating frequencies, this pneumatic resonance 
is usually in the operating range. 

The terms which cause flow changes when pressure 
fluctuates give the actuator some damping. If the equiva- 
lent damping for the unsymmetrical case of Fig. 5 were 
developed, the expression would be quite involved and 
the basic purpose of demonstrating general effects would 
not be served. However, by assuming both sides of the 
actuator and valve absolutely identical, a reasonable 
damping expression can be found: 


0.63 aVT 
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(11) 


It will be found that relatively large values for Ago, Aso, 
and A,, are required to give appreciable damping. This 
is especially true for a closed-center valve where Ago 
and A,, are small. Also, the usual design objective is 
to make A), as small as possible. In summary, damping 
can be obtained by leakage and open-centered valving, 
but there is a price paid in power losses. The best 
system weight-wise will result if it is possible to achieve 
and operate with little or no damping. 

Loop Transfer Function. The simplified linearized 
valve and actuator equations indicate that the system is 
third order with an integration and very little damping 
for the quadratic. Assuming negligible damping with 
only inertia loading, and neglecting valve dynamics for 
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Fig. 7—Root-locus plot 
of system with position 
feedback only. 


simplicity, the forward-loop transfer function is given by 


Spiga (12) 
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With only position feedback, the system will be unstable 
for any value of feedback gain as seen in the root-locus 
plot of Fig. a 


Fig. 8—Root-locus plot with 
acceleration feedback and 
V K,/K, > «>». 


Fig. 9—Root-locus plot with 
acceleration feedback and 


Vv K,/K, < wp. 


po aes 
K, Ka (s?+ — 
\__ Kes 


‘fb | 
5(s?+ wi?) 


MAY 1960 


Adding velocity feedback to the position feedback 
makes the open-loop transfer function 
Yo KK, (s + K,/K,) (13) 
i s (s? + wp’) 
On a root-locus plot this system is found to be unstable 
also. However, if there is some damping, and K,/K, is 
made small compared to w,, the system is stable. This 
is an unsatisfactory arrangement though, because the 
small value of K,/Ky puts a closed-loop pole so close 
to the origin that the principal closed-loop root is quite 
sluggish. The second-order term would have a high 
frequency but very light damping. 
With acceleration feedback added to position feedback, 
the open-loop transfer function is 


ye K,K, (s’ + K,/Kg) (14) 
i s (3? aa wp’) 


For VK,/K, > w,, the system is unstable as shown in 
Fig. 8. However, as seen in Fig. 9, for VKz/Ka < wp, 
the system is stable for all values of K, and K,. Although 
the closed-loop resonant frequency is lower than that 
of the open loop, a considerable amount of damping 
can be made available by judicious selection of K, and K,. 

Adding velocity feedback to acceleration and position 
feedback makes even more damping available. The open- 
loop transfer function is then 


Fig. 10—Acceleration and 
velocity feedback with 
position feedback and 
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Fig. 11—Acceleration and 
velocity feedback with 
position feedback and 
V K,/K, ae Wp. 





in KiKa(8" + K,/Kas + Kz/Ke) 
i s(s? + wy’) 


(15) 


and is plotted in Figs. 10 and 11. For the case of 
V K./Ka 
is possible. 
Satisfactory response with adequate damping is pro- 
vided by the system with acceleration, velocity and 
position feedback. However, instrumenting acceleration 
for feedback use proves a problem because of the noise 
level of present accelerometers and the sensitivity of 
accelerometers to vibration environments. Also, an ac- 
celerometer would sense missile accelerations. A solu- 


w,, a large amplitude saturation limit cycle 


tion to this problem can be provided by pressure feed- 
back. Second derivative of position can be obtained 
using differential pressure feedback and the relationship 
that acceleration times the mass of the load is equal to 
the differential pressure across the piston times the area 
of the piston. This changes Eq (15) to 


in _K,K, (M/A, 8° + K,/K,s + K,/K,) as) 

ae : 

i s (s? 4 wy) 

Linearily, this system is essentially the same as one 

with acceleration feedback, and the pressure is more 
practical to measure. 


List of Symbols 


Vote: Units given form a consistent set. Others are 
possible. 


A... ==effective area of flow restrictor which feeds 
auxiliary volume, sq in. 
effective area between cylinder pressure and 
ambient pressure, sq in. 
effective piston leakage area, sq in. 
piston area, sq in. 
effective area between supply 
cylinder pressure, sq in. 

= linearizing coefficient for auxiliary volume flow 

restrictor, deg ! //sec 
linearizing coefficient for across-piston leakage, 


'deg /sec 


pressure and 


change in nonlinear flow coefficient per change 
in pressure ratio, dimensionless 
= torque-motor driving current, ma 
= feedback component of torque motor current, 
ma 
= ratio of specific heats of the gas, dimensionless 
acceleration feedback gain, ma/in./sec? 
= pressure feedback gain, ma/|b/in.? 
== forward loop gain in root locus form, in./sec?/ 
ma times rad*/sec? 
= velocity feedback gain, ma/in./sec 
position feedback gain, ma/in. 
load mass, lb-sec?/in. 
nonlinear flow coefficient, a dimensionless func- 
tion of pressure ratio 
== pressure in an auxiliary volume, |b/in.? 
== cylinder pressure, lb/in.? 
= supply pressure, lb/in.? 
= gas constant, in./deg R (640 for air) 


There are some differences between acceleration and 
pressure feedback. A steady-state load on the actuator 
will cause the system always to have a steady-state posi- 
tion error with pressure feedback. Also, in the presence 
of friction, pressure feedback will fight a pressure build- 
up attempting to overcome friction while acceleration 
feedback will have no effect until the friction breakout 
force has been reached and the piston is moved. 

The pressure feedback difficulties can be largely over- 
come by the use of transient pressure feedback where 
the pressure is fed back through a high-pass filter so 
as to be effective only at the higher frequencies where 
it is required for stability. With this type of feedback 
the system open-loop transfer function becomes 
inn 


; 
K,Ky[M/Ays* + K,/Kys? + (Kz/Ky + Ky/tayKp)8 + Kz/tav Ky] 
s (s? + wp’) (s + 1/Tay) 

(17) 
The cubic in the numerator cannot be reasonably solved 
in general terms, but solving several specific cases will 
show that there is a first-order numerator factor which 
effectively cancels the one in the denominator. The re- 
maining numerator quadratic can be made much the 
same as if straight pressure feedback were used. OOO 


the Laplace operator 

= absolute temperature, deg R 
time, sec 
cylinder volume, cu in. 

=weight rate of gas flow from cylinder into 
auxiliary volume, lb/sec 
net weight rate of gas flow into cylinder, lb/sec 

= weight rate of gas flow across piston into the 
extend side of cylinder, lb/sec 

- weight rate of gas flow from valve into cylinder, 
lb/sec 
weight rate of gas flow caused by pressure 
changes in piston, lb/sec 
piston displacement in extend direction from 
operating point, in. 

= valve displacement from null, in. 

= damping ratio of open loop pneumatic reso- 
nance, dimensionless 

=time constant of auxiliary volume and flow 
restrictor combination, sec 
natural frequency of gas spring and load mass, 
rad/sec 


A dot above a variable denotes differentiation with re- 


“ 


spect to time. As subscripts, “1” denotes the extend 
side of the piston and “2” denotes the retract side. 
A subscript of “0” denotes the average operating value. 


For example: 


P.., = instantaneous pressure in the extend side 
of the cylinder 

P.,) == average operating pressure in the extend 
side 


dA,, 
dY 


== change in supply inlet area to the extend 
side of the piston per unit of valve dis- 
placement, in. 
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Power-Supply Circuit Design 


By Digital-Computer Method 


Relieving the design engineer of time- 
consuming, routine chores is one of the 
functions of high-speed, digital compu- 
ters. Power-supply circuitry was designed 
with the aid of the IBM 704, and the lab- 
oratory data compared with computed 
data. This same problem could be solved 


on other digital computers. 


H. J. JOYAL, Advisory Engineer 

Product Development Laboratory 

Data Systems Division 

INTERNATIONAL Business Macuines Corporation, Inc. 
Poughkeepsie, New York 


IN THE NUMERICAL ANALYSIS and design of power-supply 
circuits, a high-speed digital computer (such as the IBM 
704 or 709) can serve the design engineer as an essen- 
tial, powerful tool. Using this tool he no longer needs 
to do many of the non-creative, routine chores labori- 
ously, but he can without difficulty extend redesigning 
efforts in the laboratory to find optimum circuits. More 
than that, he can now use his talents, his education, and 
his time for rewarding experimentation with exciting 
design concepts. 

To the question “Why use a sophisticated, large-scale 
digital computer for apparently simple problems like a 
power-supply circuit?” the realistic answer is, of course, 
that even such seemingly simple circuits are complex 
when they are subjected to detailed analysis. For example, 
even an over-simplified equivalent circuit for a trans- 
former may require several elements, and a more general 
treatment soon poses considerable problems. (1)* Every 
analysis of the ideal biphase, capacitance-input cir- 
cuit? involves mathematics—usually represented graphic- 
ally—so that designs are always based on graphical data, 
even if only one element, a resistor, is considered to 
exist in series with the ideal diode in this simple circuit. 
(2, 3) 


In power supplies for solid-state equipment (low- 


* Italic numerals in parentheses refer to Cited References at end of article. 

t The ideal combination contains a transformer with no losses, no magnetizing 
current, and no leakage; diodes treated as simple switches; and a capacitor with 
capacitance only. 
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voltage, high-current) other physical effects must be 
considered: the power loss of the capacitor, the im- 
pedance of the transformer, and even incidental wiring. 
Considering such effects poses problems beyond the scope 
of pencil-and-paper analysis, and using computing ma- 
chines is not only justified, but essential. 


The Equivalent Circuit 


Classification of the situations treated in this com- 
puter application are shown in Fig. 1. The equivalent 
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Diodes are exact duplicates 
Resistances and inductances ore short 
circuit values for the half-wave 
branch. Values are referred to the 
nutput terminal of the trunsformer 
(See Fig. 2) 


ingle - phase, half-wave n=l 
Single - phase , center top, full-wove 7=2 
Three - phase , wye n=3 
Three-phase , star n=6 
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forms. 


Fig. 1 — Equivalent circuit composed of n half-wave branches. 


this accounts for non-sinusoidal periodic wave- 
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big. 2 — Circuit variations. 


circuit shown uses the half-wave circuit as a basic build- 
ing block. As indicated, single-phase half-wave, single- 
phase full-wave, three-phase wye, or three-phase star 
circuits can be treated, depending on the number, n, 
of branches used. In Fig. 2 the corresponding circuits 
forn = l,j n = 2, n = 3, n = 6 are shown. Each 
branch has its own separate voltage source; the sources 
differ only in phase angle. Other parameters are identical 
from branch to branch. 

The basic unit for analysis is shown in Fig. 3, which 
represents an equivalent circuit of a biphase power supply 
feeding a resistive load through a choke-input, multi- 
section, -type filter. All major problems in the analysis 
of this circuit are common to this one with only minor 
modifications. For example, a half-wave power supply 
[shown in Fig. 2(a) ] is simulated simply by suppressing 
the voltage e;,,. Other connections are treated by re- 
placing the 180-deg phase angle of e;,, by 360/n, where n 
is again the number of branches (as shown in Fig. 1) 
and then stepping back from a leading to a lagging 


Equilibrium Equations 


di, 
dt 


; di, 
-~+ (Lr + Ly) —= 
+ (Lr + Lyn) dt 


(Ls + Ly + Lp + Lyy) 


' li, li 
Ue + hee + hp + Bend = +> +i) —- 


a 


Three 
phase o 
ource 





Three - phase 


position the voltage of a source as it is switched out of 
the circuit. In this way, n rotating vectors are simulated. 
Since any other parameters are duplicated in the 
branches, a set of common subscripts has been used 
for Fig. 3. A completely equivalent circuit is, of course, 
not possible. Certain reasonable restrictions (determined 
in preliminary investigations with the circuits) have, 
therefore, been imposed on the circuits discussed, and 
subsequent operating experience with the computer has 
shown that the circuit thus restricted gives realistic 
results. 

The equilibrium (or dynamic) equations—namely, 
the equations defining the instantaneous behavior of 
the network (or the state of the circuit at any particular 
instant in time)—are as shown in the tabulation at 
the bottom of the page. 

Source of Power. The power source has been ideal. 
ized as having no impedance, having a constant wave- 
form, e, and being subject to no disturbances. The wave- 
form may be a sine wave, which is a permanent part of 


e.— V —(Rs + Rr) i, — (Rw + Rey + Rr) (i, + ij) 


~f rele) +3 fa +i)- ital 


- i,| dt \ 


— V’— (Rs + Rr) i, — (Rw + Rew + Rp) (i; + i.) 


_ , Re [(i, + &) — ib.] + ALG + i,) 


d eae l wi l 

is s— (R, -- Rw z) ly + ‘ Re [(i; + i;) _ i,| + C fc ' iy )— i,] dt t _ | Re (i; - i;) + 5 f ( - i;) a| 
di, : s , 1 ; ' 1 : ‘ 

L a + Rw) & + Re (= -—W+G (i, -, -- &) dt | —| RoW, — G41) + C (i, — i-4,)dl 


di l 
L —= =— (R, + Rwz) ix + E (ig-1— ix) + Gf oS a ina] _ ze — to) + x [ ts rm nat 


7 1 ; . 
(Re + R) lo = Roig + Cc (ix — lo) dt 


* (r) = general equation; (K) = equation for the last mesh before the output mesh; (0) = output equation. 
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Glossary of Symbols 
(units are ohms, henries, farads, volts, amperes, seconds) 
€1, 2, o°* = instantaneous open-circuited voltage between 


a line terminal and the common terminal of the 
output of the transformer 


Ey maximum value of e;, e2, 
Bos effective value of e,, e), -°- 


E4-c average voltage across the load 


instantaneous current in the meshes of the 
equivalent circuit 

In = maximum value of i, or i; in a diode 

las = average current in the load 

Ry, Ry, Rwsx = resistance of incidental wiring and of elements 
that may be inserted for investigations 

R, = short-circuit resistance for one phase of a 
transformer between the input winding and 
the part of the output winding from line term- 
inal to common terminal, 
to the output. 

Lr inductance (see R7z) (Elements Ry and L; 
are provided to permit other representations 
of the transformer) 


Values are referred 


Rw resistance of winding of input choke of filter 


Lin = inductance of winding of input choke of filter 


the program, or it may be any single-valued, mirror- 
symmetrical, repetitive function which must be prepared 
as input data for the computer as a set of 50 pairs of 
coordinates per half-period. 


Load. The load, R, must be the pure resistance defined 
as the ratio of the average output voltage, E4y.., to the 
average output current, /4... The present program could 
be extended to include such a load as a network of 
impedances, without encountering any new principles. 
At the same time, however, such an extension would 
involve modifying the program to include new sets of 
equilibrium equations, and it would increase the required 
computer time. 


Power Transformer. The transformer circuit has 
been simplified most drastically. Core loss, distributed 
capacity, and transient flux behavior have been neglected 
in this particular case. An approximation of the output 
characteristics is made by considering only three series- 


es 


er” 


resistance of winding ef choke of x-type filter 
= inductance of winding of choke of x-type filter 


effective series resistance used to represent 
losses of filtering capacitor 


capacitance of filtering capacitor 


resistance of load ¢ = Eve ) 
Tac 


instantaneous voltage ac ross a diode for for- 
ward conduction 


SW, ideal switch used to simulate action of diode 
in passing or blocking flow of current 


. A-B 

per cent ripple = —- x 100, 
Ea-c 

taneous voltage across load, B = 

instantaneous voltage across load 


where A = maximum instan- 
minimum 


w = 2 x(f), where f = frequency of source 


tl = time 


d(...) 


il = instantaneous rate of change of a quantity, (...) 
tf 


..) with respect 


fou = definite integral of quantity ( 
to time 
connected items: the linear leakage reactance, the 
winding resistance, and the no-load output voltage. 
Total input-line current cannot, of course, be computed, 
but this presents no difficulty for the present purposes. 
Ry and Ly equal the components of the short-circuit im- 
pedance referred to the output terminals. (See Fig. 3.) 


Constant-Voltage Transformer. Zero impedance 
and a constant wave shape, prescribed in tabular form, 
is assumed; this is satisfactory, because the transformer 
is treated strictly as a regulating device, and because 
interest is confined to output current. It avoids con- 
sideration of such problems as the variation of wave- 
shape quality with the variation of static or transient 
loading, and also the unpredictable interactions with the 
filter circuit. As an approximation, the waveform may 
be a representative characteristic of the specific con- 
struction of the transformer used in the type of rectifier 
circuit being treated. 


Fig. 3 — Equivalent circuit and equations for basic analysis 
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ar 
functions have mirror symmetry 


fn =number of half-wave branches in complete circuit 





When a constant-voltage transformer precedes a power 
transformer. the combined idealizations are used; that 
is, the equivalent circuit is a combination of the im- 
pedance used to represent a simple transformer, and the 


output waveform associated with the constant-voltage 


transformer. 

Inductors. The inductive component of the filter 
chokes is represented by a constant in the equivalent 
circuit (Lyy input choke; L 7-filter choke). The 
value used is that for the specified average current, which 
is satisfactory for the computation of the steady-state 
response; however, transient response is not exact to an 
extent that depends upon the linearity of the chokes. 


Non-linearity of inductors could be treated by using 


more complex equations. Power lost in the winding is 
represented by the usual series-connected resistance (R,y 


and R,.); while power lost in hysteresis and eddy cur- 
rents is neglected. This simplification is justified by 
results, in spite of the voltage variation across the input 
choke. 

Capacitors. The capacitor is 
in series with its effective series 


represented by its 
capacitive element, C, 
resistance, R,. The values are those evaluated at the 
frequency of the driving function of the supply, and are 
considered constant and independent of waveform. Since 
the inductive effect of capacitors now available is of low 
order for the range of frequencies in use, the effect has 
been neglected. 

Diodes. The diode is represented in Fig. 1 by an 
ideal switch, SW, and a nonlinear volt-ampere char- 
acteristic, V. Inductive and capacitive effects are negligi- 
ble. The nonlinear characteristic can be handled by 
the exponential law* or by tabular methods. The ex- 
ponential law does not fit over the full range as well as 
it is desired and, therefore, has limited application. The 
tabular method is more generally applicable; a table of 
input values must be compiled from the characteristic 
of the diode, which requires a set of 50 pairs of co- 
ordinates. An interpolation subroutine? in the computer 
program will smooth the data and obtain intermediate 
values. One objection to the tabular method is that con- 
siderably more computer time is required than for the 
equation method. In either case, the program disallows 
negative currents and, therefore, the reverse characteris- 
tic need not be considered. 

Incidental Wiring. Provision for additional items, 
such as incidental wiring, has been included in the 
equivalent circuit. This accounts for the significant effect 
where chokes are absent and only a bank of capacitors 
is used. When chokes are present, of course, the effect 
is masked by their resistive component, and may be 
neglected. Symbols Ry, Rwz,, Rs, and Ls give some free- 
dom in accounting for such impedances. Also included 
are parameters RK’, and L’;, which allow for a different 
choice of transformer representation, should this become 
desirable. 


Analysis 


Basically, the computer is programmed for a power- 


4(e®Y — 1), where 
€ = 2.718, the base of Naperian logarithms 
i= current through the diode 
V = voltage across the diode 
A and B = empirical constants obtained by fitting the equation to the diode 
characteristic 
t Instructions to the computer to accept a standard program. See Science and 
Engineering article, *“‘Logic — and Switching Circuits," Alice Mary Hilton, Euxc- 
taicat Manvuractuninc, April 1960, p 123. 
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ful and flexible numerical analysis using the equilibrium 
equations of the equivalent circuit. With an arbitrary 
starting value of the independent variable, and arbitrary 
initial conditions for the dependent variables, a step-by- 
step account of the transient behavior of the equivalent 
circuit is obtained. Analysis may, in fact, be started 
near steady-state—i.e., the state of equilibrium where 
recurrent transients define the behavior of the circuit; 
however, this involves judicious choice of initial condi- 
tions. Alternatively, the program can obtain the re- 
sponse when the driving function, or a parameter (such 
as the value of resistive load), is changed suddenly 
at any step of the response. 

Equilibrium Equations. Equations for the most 
general case considered are given above; they are the 
result of applying Kirchhoff’s laws to the equivalent cir- 
cit. (They have been slightly rearranged to facilitate 
processing by the computer.) The equations have been 
retained in integro-differential form for the following 
reasons: (1) the quantities required for the right-hand 
side of the equations will be obtained with less process- 
ing at each step of the solution; and (2) the driving 
function and the diode characteristic need not be differ- 
entiated. Thus, arbitrary characteristics fit more naturally 
into the procedure. 

The equations are used cyclically. First, the right side 
of the equations is evaluated numerically in terms of 
known currents and integrals at that specific stage; next, 
this evaluation is used to predict, through integration, 
succeeding current and integral values; then, return is 
made to the algebra. 

Switches. The switches, SW, and SW., determine 
the excitation applied to the circuit at any instant. There 
are three possible situations: no source, one source, or 
both sources of excitation. On the other hand, the open- 
ing or elosing of these switches is under control of the 
circuit response. A switch must close whenever the volt- 
age across its terminals is zero, and a current will tend, 
thereby, to flow out of the source. A switch must open 
whenever a current will tend to flow into its source. 

Starting from an assigned set of currents and charges 
(integrals of current) which define the initial state of 
the network, the analysis proceeds through repetitions 
of the evaluation of algebraic formulae, integration, and 
testing for transition, or switching points. The computer 
is programmed to select the proper equilibrium equa- 
tions and the appropriate algebraic equations, to make 
the correct transitions, and to progress until a reference 
integral has recurrent values. This is defined as steady- 
state. At any step of the independent variable, the cor- 
responding distribution of current in the equivalent cir- 
cuit will have been computed. The program can be ar- 
ranged to process such data in any desired fashion; i.e., 
to compute the distribution of voltages, charges on ca- 
pacitors, etc. 

Initial Conditions. With both switches open, the 
circuit is a K-loop network. With the switches closed, 
two loops are added. At the start of analysis, sufficient 
conditions are necessary to establish the starting state 
precisely. For a system initially at rest, for example, 
the currents in the loops and the charges on the capacitors 
may all be considered zero. In general, it is sufficient to 
assign a corresponding set of (K -+- 2) currents and K 
integrals (charges). To start at a point near steady state, 
one may approximate the initial conditions, and even 
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though it is improbable that these conditions correspond 
with any state of the normal transient behavior, the pro- 
cedure can refine them, and reach the same steady state. 

All these are approximations made by the computing 
machine, which also automatically selects starting 
conditions at switching points. At these points (because 
the number of sources is changed) there is a transition 
from one system of equations to another, and, in effect, 
a boundary is crossed, where continuity is required for 
some of the dependent variables. These boundary condi- 
tions are satisfied by beginning a new analysis at the 
switching point, and having the computer retain as 
initial conditions those quantities whose continuity must 
be maintained. 

Tolerances. Since a digital computer must progress 
in discrete steps, rather than continuously, certain com- 
promises are required in any problem involving con- 
tinuous patterns. In this analysis, satisfactory com- 
promises have been made among the items of: size of 
step of the independent variable, disturbances at boun- 
daries, machine time required and realistic output. This 
is accomplished by setting tolerances on the precision 
of computations and on certain of the operations involved. 
For example, the computer must be programmed to com- 
pare the voltage across switch SW, to a certain minimum 
value below which it may be considered of zero value. 

Algebra. Over a cycle of the driving function, three 
situations may occur for a given configuration of the 
equivalent circuit: (1) neither source is active, (2) one 
source is active, or (3) both sources are active. The three 
systems of equilibrium equations are distinct. The sys- 
tems take different forms when the configuration is 
changed; for example, when the inductances are removed 
from the general equations. The algebraic manipulations 
are different in each case. Initial monitoring of com- 
ponents allows distinguishing among the configurations, 
whereas continuous monitoring permits selecting the 
proper system for that configuration during the computa- 
tions. In each case, the computer is programmed to select 
the proper associated algebraic operations. 

The existence of coupling implies that there is inter- 
action among the variables. It is noted that dependent 
variables appear in a regular manner in more than one 
equation; therefore, provision must be made for the 
solution of a variety of simultaneous systems of equa- 
tions. For example, the first two of the general equa- 
tions require special attention when both switches are 
closed, owing to the existence of series coupling. It is 
necessary that these two equations be solved as a simul- 
taneous pair so that the derivatives may be properly 
separated for integration. This is so largely because the 
removal of inductances from the general equation gener- 
ates requirements for other simultaneous solutions. If 
all inductances are zero, for example, all equations de- 
generate into the same form—simple integral equations. 

Integration. The basis of the entire program is the 
rather simple idea of the definite integral. If a function 
has a known value at the beginning of an interval for 
the independent variable, and if its derivative is known 
at every point in the interval, the value of the function 
at the end of the interval is equal to its value at the 
beginning plus the definite integral of the derivative 
over the interval. The integral may also be approximated 
to any desired degree of precision by using properly 
selected combinations of values of the function and its 
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derivatives in the interval. (A procedure for approxi- 
mating the integrals is part of the computer program.) 

Actually, the procedure involves two distinct approxi- 
mations by using different combinations of selected ordin- 
ates and derivatives of the quantities being integrated. 
Automatic record is kept by means of procedure—a 
standard computation program, or subroutine — that 
makes consistent sets of ordinates and derivatives always 
available for use in the formulae. This routine (1) 
evaluates the formulae; (2) tests for agreement within 
pre-assigned tolerances between approximations; (3) 
modifies, automatically, the integrating interval so that 
progress is at the maximum speed consistent with the 
tolerance imposed on accuracy; and (4) provides neces- 
sary channels to communicate with the other subroutines 
of the main program (e.g., the algebra routines). 


“Design” is the inverse of the problem discussed under 
“Analysis”. In design, the desired output respense is 
specified, whereas certain parameters are unknown. 
The output average voltage is prescribed, and the cor- 
responding input voltage needs to be found. The inter- 
esting point is that the average output voltage is not an 
instantaneous value, but is derived from all values oc- 
curring over a cycle; consequently, the process is not 
just a straightforward analysis, but actually a sequence 
of repetitive analyses, the first one of which uses an esti- 
mated input voltage. Following each such sequence of 
analysis, the input voltage is readjusted under control 
of the computed average output voltage until the latter 
quantity converges acceptably close to the prescribed 
value. A similar approach has been used in the design 
procedure, whereby the network may also be modified 
to meet further specified output characteristics. 

A design may start by assuming an arbitrary value of 
input voltage, an arbitrary number of sections for the 
filter, and an arbitrary set of constants for the trans- 
former. It is possible to take advantage of the computer 
in obtaining them automatically; however, after some 
experience, rather good estimates can be made from 
existing data, and the designer may take advantage of 
this to override the automatic feature. The program 
then passes through analyses to obtain the corresponding 
value of average output voltage. If the value is not ac- 
ceptable, the estimated input voltage is adjusted by scal- 
ing it with reference to the average output voltage, and 
the network is re-analyzed. When the average output 
voltage becomes acceptable, inspection is made of the 
ripple. If it is not acceptable, sections are either added 
or removed, and re-analysis begun. This, of course, may 
require repetition of the adjustment of input voltage 
since the average output voltage will generally assume 
a new level with a change in the number of sections. 
Finally, the regulation will be computed and, in some 
designs, if not acceptable, the constants of the trans- 
former will be modified until an acceptable value of regu- 
lation is obtained. In this case, both the input voltage 
and number of sections may have to be re-adjusted and 
analyses repeated because of the change in transformer 
constants. Eventually, there is convergence to all de- 
sired values. 

The computer is programmed to recognize tolerances 
within which computed values and specifications may 
differ. Because the number of branches of the filter must 





Fig. 4— Flow chart 
for program. 


vary in unit steps, the program simply specifies that the 
computed value of ripple voltage must not exceed the 
specification. 

Rules can be set up by which the parameters of the 
chokes and transformers could be coordinated and, in 
doing this, some control could be exercised over the 
value of regulation. This has not been done and, when 
chokes are present, it is permissible only to compute 
and accept the value of regulation. In the case when 
there is neither input choke nor filter choke, however. 
the transformer is the only parameter that permits con- 
trol over regulation. For this case, the program has a 
re-entry loop which optimizes the values of the resistance 
and inductance of the transformer with respect to the 
desired value of regulation. 

The computation of regulation is also an interesting 
process. Regulation is, by definition, a measure of the 
change of average output voltage with some prescribed 
value of change in static load. As a matter of fact, how- 
ever, both output voltage and load depend upon current. 
To compute the regulation, the program must first de- 
sign the network to meet the requirements for average 
output voltage and ripple voltage at rated load. It must 
then perform a parameter study of the network to de- 
termine what value of load resistance will correspond 
with the specified average output current for which regu- 
lation is required. First, the load resistance is modified 
and analyses are performed to obtain the corresponding 
average output current. Then the computed value of 
current is compared with the desired value and, if neces- 
sary, the load resistance is modified again. A tolerance 
must be set up for the acceptable difference between the 
desired and computed values of average current ob- 
tained in this manner. If, again, the regulation is not 
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acceptable, the transformer constants are automatically 
modified in the proper direction and the entire process 
is repeated. The regulation is acceptable when it differs 
from the desired value within an acceptable tolerance. 

Design produces data that may be used to specify 
the components of the power supply. Some results are: 
the number of branches in the filter, the peak current 
in the diodes, the effective current in the diodes and the 
output windings of the transformer, the effective voltage 
of the open-circuited output winding of the transformer, 
the volt-amperes of the input and output windings, and, 
in some cases, the optimum values of resistance and in- 
ductance of the transformer. Many more data are avail- 
able at various stages of the design and may be obtained 
as output. The designer may also use the procedure for 
analyses only; for example, to determine tapping ranges 
of the transformers, or to make parameter studies of 
the design. 

Input Data. The design must prepare a minimum 
of seven standard IBM data cards. Where a non-sinu- 
soidal driving function is used, an additional 17 cards 
must be prepared to describe the waveform. When an 
exponential law is not used for the diode, another 17 
cards (containing the 50 pairs of coordinates per half- 
period) are needed. The (minimum) seven cards contain 
parameters of the equivalent circuit and also the toler- 
ences to be used by the computer. Six different data 
are contained on each card, not all of which are required 
for every design, and some of which are repeated from 
design to design. Thus, all seven cards need not be 
prepared fully every time. 


Program Flow Chart 


A very much simplified flow chart of the program is 
shown in Fig. 4. (The simplification is extensive, for 
the actual program occupies approximately a full core 
array of the memory of an IBM 704 computer.) The 
following discussion of the flow chart is equally con- 
densed; its purpose is to outline only the general features 
of some of the more important points of interest. 

When a design is to be made, the subroutine is entered 
so that preliminary values may be assigned to the (as yet 
unknown) values for the peak input voltage, the number 
of sections in the filter, and, in some configurations, the 
constants of the transformer. For this purpose, it is de- 
sirable that use be made of formulae that bear some re- 
lation to the values of the constants of the specific design. 

Having made estimations, the computer progresses to 
the computation of factors on the right-hand side of the 
equilibrium equations that are invariant, and then of 
those quantities that are subject to modification by re- 
entrance loops. If conditions for initial rest do not apply, 
it is necessary that the distributions of current and 
charges be estimated (by the computer) by simple, but 
rather effective methods, which have resulted in significant 
reductions in operating time. 

At this point on the flow chart the program may enter 
the analytical loop. Here, there is a procedure which con- 
tinuously observes the status of the switches and selects 
the necessary changes. Also there is a collection of pro- 
cedures which perform the necessary variety of arithmetic 
operations. Finally, there is the mntegrating routine. 

The analytical loop computes average output voltage 
and ripple voltage over a period of one-nth of a cycle 
of the driving function; then it hesitates while a test for 
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steady state is made. If steady state has not been reached, 
re-entrance is made to the loop; if it has been reached, 
comparison of computed values with specifications is in 
order. 

If the computed average output voltage is not equal, 
within its tolerance, to the specified value, the peak value 
of the driving function is modified. The entire process 
of analysis is then retraced up to this point. When an 
acceptable value has been obtained, the ripple voltage 
is inspected. 

A peak-seeking routine separates the maximum and 
minimum value of output current over one-nth of the 
cycle of driving function. The difference between the 
maximum and minimum values is proportional to the 
peak-to-peak ripple. If the specified value is not met 
within tolerance, the number of sections is changed and 
the process retraced to this point. 

The next step following acceptable values of ripple is 
the computation of regulation. For problems of analysis, 
regulation may be computed, or not, at the option of the 
user of the program. For design, a value is computed, 
and, if inductances are present in the filter, nothing 
further is done with respect to regulation; however, in 
the absence of inductance in the filter, the constants of 
the transformer are modified to give a specified value 
of regulation. 


Laboratory Data Compared to Computer Data 


Three circuits were assembled in the laboratory to 
provide data for use in developing and “debugging” the 
computer program. The critical data used to prove the 
program are shown in the accompanying table. Two 
kinds of data were needed: values to assign to the ele- 
ments of the equivalent circuit, and measurements of 
the response of the circuits for comparison with the 
computed response for the equivalent circuit. In the 
table, circuit A had negligible inductance everywhere; 
circuit C had significant inductance in all components 
appearing in the equivalent circuit; and circuit B had no 
input choke, but otherwise was similar to circuit C. 

For analysis, the measured values for the components 
were fed to the computer, and the response computed 
for the value of input voltage that had been used in that 
particular experiment. The four computed results are in 
good agreement for all circuits. For design, the computer 
was fed the values required for average output voltage, 
ripple at the load and, where applicable, the regulation 
for a specified change of average output current. The 
computer then produced the items listed; these are also 
in good agreement with the results from the laboratory. 
The agreement depends, of course, on the degree of pre- 
cision in specifying the elements of the equivalent circuit. 
Closer agreement can be expected. 


Some of the principles upon which the subject 
of this article is based were discussed in these 
previously publisiied Basic Science and Engi- 
neering articles: 


@ Determinants & Matrices — December 1959 
e@ Network Analysis — January 1960 
e Logic—and Switching Circuits—April 1960 


All are available in reprint form — see page 340. 


Power-Supply Circuit Designs 
Used to Develop Computer Procedure 


| Single-phase, 60-cycle data 
| a i as a el aca 


Pro- 
cedure 


Analysis 


per cent 
ripple 


1.15 | 1.213 |0.046/0.0408 


1.97 | 2.014 


8.26 | 8.196 |19.27|18.219)19.27|18.298 


neg- |0.00001 
ligible 


| per cent 
ripple 


capacitors 


Notes: A—No inductances in circuit. B—No input inductance. C—All inductances 
present. 


Operation. Computing time varies with circuit type 
and size of the bank of filter elements. For analysis, it is 
somewhere in the range of one-half hour to one hour. 
For a design which has inductors in the filter, no 
optimization is achieved with respect to regulation, and 
computing time may range from one-half hour to one 
and one-half hours. When only transformer inductance 
is present in the circuit, transformer impedance is opti- 
mized relative to regulation. The time for additional auto- 
matic re-entrance and recycling through the computation 
can run into several hours of time. After gaining ex- 
perience, somewhere from one-half hour to a half day 
is necessary to prepare input information for the com- 
puter. 

In present use, more data than those shown in the table 
are made available to the designer. For example, data 
for specifying transformers are obtained, and values of 
ripple current in capacitors are available for selected 
instants over the cycle. In addition, much other informa- 
tion regarding the response may be extracted from the 
computer during its analysis or design. o0Oo 
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Digital Speed-Control Analysis 
By Analog-Computer Methods 


DAVID W. LEIBY, Control Engineer 
General Engineering Laboratory 
Generac Exvectric COMPANY 
Schenectady, New York 


A numerical speed-control system, com- 
bining analog and digital computer meth- 
ods, is described. Transient performance 
is investigated (by the application of 
analog simulation techniques ) for changes 
in reference speed and operating load. 
The results show the effects of sampled- 
data and quantized-data operation upon 


the performance of such systems. 


THERE HAS BEEN considerable interest in applying both 
analog and digital computers as elements of control sys- 
tems for the purpose of achieving improved performance 
by increasing the stability of operation, the quality of 
products, the production rate, the efficiency, or the yield. 
In such a computing control system the basic computing 
functions of addition and subtraction, multiplication 
and division, integration and differentiation, counting 
and memory are used in order to combine and compare 
the interacting conditions and behavior of the equipment. 
From these combinations and comparisons, optimum 


changes in energy and material supplied or in sub- 
system commands are initiated. 

A numerical speed-control system involving computer 
control, the method of analysis by the application of 
analog simulation techniques, and some of the results 
obtained thereby are the subject= of this article. For 
the particular case considered, transient performance 
is investigated for changes in reference speed and 
operating load. The results show the effects of sampled- 
data and quantized-data operation upon the performance 
of the system. (See accompanying panel.) Generally, 
the transient stability is determined by the ratio of 
linear system crossover frequency (f,) to the sampling 
frequency (f,) in the sampled-data system.* (Crossover 
is the point where the amplitude response curve crosses 
the 0-db line.) In the quantized-data system no stability 
problems are encountered, but the absolute accuracy of 
the system is limited to no greater than +1 quantum 
of the output variable. 


General Objectives 


The general objective of any control system is to 
obtain the optimum control for the particular application. 
(1, 2,6)+ Four main factors are considered in a typical 
digital speed-control application whose relative impor- 
tance varies with the particular drive. They are: 


1, Accuracy: A digital speed-control system promises a high 
degree of accuracy of control, because of the inherent accu- 
racy of the numerical reference. In an analog-type speed- 
control system, the relative accuracy between speed controls 
can be maintained reasonably well, but the absolute accuracy 
and repeatability of a given speed setting is often difficult to 
maintain because of inherent drift and inaccuracies of the 


* See “Sampled-Data Systems,"’ Carl O. Carlson, Evectaicat Manuractuninc Basic 
Science & Engineering Series, November 1959, p 137. 
Tt Italic numerals in parentheses refer to Cited References at end of article. 
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analog speed reference and of speed-sensing devices. With 
certain digital speed-control designs, it is possible to syn- 
chronize the output speed directly to a reference oscillator so 
that absolute speed control can be maintained, and errors 
can be reduced to a phase shift of no more than a few degrees 
of the reference and control variable. 


2. Speed of Response: The transient response characteristics 
are an important feature of any speed-control system, Gener- 
ally, the digital speed-control system is as limited as the 
equivalent analog system, because the product of response 
time and maximum steady-state error cannot be less than 
a minimum value. Often the best combination of response and 
accuracy is sought, and the tuning-up of the system would 
definitely be different in a case where high steady-state accu- 
racy is required without any great need for rapid changes 
in set point from the case where rapid transient maneuvers 
are required without stringent requirements of steady-state 
accuracy. 


3. Economics: The economic justification of a digital speed- 
control system in preference to a straight analog system must 
be considered. If the system is part of a programmed con- 
trol, it makes very little difference whether the digital-to- 
analog conversion is made before or after the error summa- 
tion. Therefore, invariably the programmed control maintains 
digital manipulations of the reference and feedback signal 
through the error-summing point. The justification of the 
increased accuracy made possible by a numerical speed- 
control system must be based on the potential savings in 
increased quality of a product, reduction of waste material 
or scrap, or continuity of service of the process in which the 
speed control is associated. In addition to economic justifi- 
cation, the particular digital speed control must be economi- 
cally competitive with other digital speed-control equipment. 
It must also be economical, not only in initial cost, but also 
in such other factors (contributing to its real cost) as size, 
weight and maintenance. It must be capable of construction 
from relatively standard, commercially available components 


Sampled-data and Quantized-data Systems Defined 


Numerical speed control is typical of the combined analog 
and digital systems in which either a sampled-data or 
quantized-data type of operation is obtained. Most control 
systems contain analog-type equipment, such as amplifiers, 
amplidynes, generators, motors, hydraulic actuators, pneu- 
matic actuators, etc., where the controlled variable is, in 
most cases, a position, a speed, a velocity, a pressure, a 
temperature, etc. However, wherever a system is programmed 
from stored information in digital form, it has been con- 
venient to sense the controlled variable and to compare 
errors digitally. Thus the two forms, digital and analog, are 
combined. The analog-to-digital transducer operation deter- 
mines the type of combined analog-and-digital system per- 
formance represented. If the transducer produces a change 
in its digital output whenever the variable changes a discrete 
amount, the system becomes a quantized-data system. If the 
digital output is changed only at discrete intervals of time, a 
sampled-data system is obtained. 

A comparison can be made between the sampled-data and 
quantized-data type of analog-to-digital conversion by refer- 
ring to the accompanying diagrams. In diagram (a) the con- 
tinuous signal is shown by a dashed line, the sampled-data 
signal by a solid line. Note that the signal changes magnitude 


Continuous signal 


—Soampled-dato signal 


t 


Time 


Comparison of analog-to-digital conversion in sampled-data and quantized-data modes of operation: 


data, (b) quantized-data. 
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in a stair-step manner in uniform increments of time, the 
magnitude of the change being proportional to the slope of 
the continuous signal. In diagram (b) the same continuous 
signal is shown with a quantized data conversion. In this case, 
a stair-step signal is also obtained, but the magnitude of the 
signal change is constant in all cases, with the time spacing 
of the steps inversely proportional to the slope of the con- 
tinuous signal. If one were to draw an average signal through 
the sampled-data signal shown in (a), one would find that 
the average lags behind the continuous signal by approxi- 
mately one-half the sampling period. This form of time delay 
within the control loop should be expected to have a similar 
effect as a transport time, or dead time, in the control system, 
thereby influencing its transient performance. This would lead 
to a deterioration of system stability, because dead time is 
increased by decreasing the sampling frequency. Some quan- 
titative data regarding this effect are discussed in the article. 

An average value through the quantized-data signal will 
produce a curve that is shifted in magnitude away from the 
continuous signal without any apparent shift in the time rela- 
tionship. Therefore, one would not expect deterioration of 
system stability as a function of quantum size, whereas the 
system accuracy would be affected. This effect is discussed 
in the text. (3, 4, 5) 


-Continuous signol 


form e 


Time 


(a) sampled- 





— -_ —s ns 
Digital -to- Analog | Speed 


analog --» speed - —_ 
converter | loop 


Numerica 
speed 
reference 


i 


‘ — 4 
| Numericol | 
4 speed 
| transducer | 


Speed reference 


) Hand -set input 
2) IBM punched cord 

4) Punched poper tape 
4) Mognefic tape or drum 


5) Digit oamputer or programmer 


Fig. 1 — Basic components of a numerical speed-control system. 


and be compatible with the remainder of the control sysiem. 
(Size and weight are extremely important in airborne and 


missile equipment. ) 


4. Reliability: A relatively new, but increasingly important, 
engineering parameter is reliability. As systems become more 
complex, more self-contained, and automated, and as they 
directly control expensive equipment and process material, 
the prime reliability consideration must be for trouble-free 
operation. (6) Unfortunately, the perfect component has not 
yet been designed, so that a certain statistical time average of 
continual operation and some down-time must be realistically 
considered. A good overall measure of system reliability is the 
percentage of time when equipment is not available due to 
a malfunction—including time spent in locating the trouble, 
replacing or repairing defective parts, and necessary adjust- 
ments of equipment for proper operation. The reliability of 
industrial control equipment is increased by the use of high- 
grade components and modular, plug-in assemblies, and by 
the inclusion of redundant circuitry and components in the 
design, so that some trivial failure does not cause complete 
equipment breakdown. It should be noted that design fea- 
tures to improve reliability affect the economic aspects of 
the system. 


A Basic Numerical Speed-Control System 


A combined analog-digital control system consists ef 
four basic parts arranged in a closed loop, as shown in 
Fig. 1. The output of the system is an analog variable 
which goes through an analog-to-digital converter, o1 
transducer, into the digital portion of the system. The 
digitally computed, or calculated, error signal goes 
through a digital-to-analog converter to drive the analog 
portion of the system. 

This basic concept is applied to a general numerical 
speed-control system. The basic system components can 
be broken down into smaller blocks which are more 
descriptive of the functions of the system. The analog 
portion of the system in this case consists of the analog 
speed loop and the necessary stabilization networks 
ahead of it. The analog-to-digital conversion is performed 
by a numerical speed transducer. The digital portion 
of the system is essentially a numerical speed reference 
and a speed error calculator with an output passing 
through a digital-to-analog converter into the analog 
portion of the system. 


5 
Analog 
peed 
reference 


Fig. 2-— Equivalent linear speed-control system. 
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Although the system chosen for this analysis is hypo- 
thetical, the magnitudes of gains and time constants and 
system arrangements are representative of a realistic 
system. The analog speed-loop portion of the system is 
chosen to represent that of an electronically-controlled 
amplidyne driving a d-c motor, with a tachometer feed- 
back around the loop. The stabilization network in this 
example is a simple integrator in order to produce a sys- 
tem with a zero steady-state error. The equivalent linear 
speed control system is shown in Fig. 2, with the transfer 
functions of the individual blocks indicated. 

The values of K,, K. and T are chosen in such a way 
that the amplidyne generator break and the analog speed- 
loop break occur at the same place and amount to twice 
the system crossover frequency. This gives a system with 
a phase margin of 50 deg at crossover, as indicated in 
the Bode diagram, Fig. 3. The values of K,, K. and T 
are scaled on the computer set-up so that the system has 
a crossover at approximately 0.5 rad/sec. 

The numerical speed transducer generally takes the 
form of a disk, or wheel, attached to the shaft whose 
speed is being controlled, and one or more pick-ups 
located near the disk, or wheel, to detect incremental 
changes in the shaft-rotational angle in the form of 
pulses. These shaft-position quantizers take numerous 
forms, such as a toothed wheel with a magnetic reluc- 
tance pick-up head, magnetized spots on a smooth wheel 
with magnetic pickups, an alternately opaque and trans- 
parent disk for an optical-transmission-type pickup, or 
alternately bright, mirror-like and dull surfaces on the 
wheel for reflection-type optical pickup. Where a reversal 
of the direction of rotation must be sensed, two sets 
of pickups (slightly out of phase with each other) are 
required. Selective circuits sense the first detector to 
indicate the next quantized position, thus determining 
the direction of rotation and fixing the polarity of the 
output pulse train to correspond to that direction of 
rotation. The output of these shaft-position quantizers 
produces a pulse train with a repetition rate proportional 
to the angular velocity of the shaft. An analog measure 
of the speed can be obtained by passing this pulse train 
through an accurate pulse shaper into a low-pass filte: 
ing network. The digital speed indication is obtained 
by counting the pulses for an accurately specified time 
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period. This method is often used in speed-control sys- 
tems where the error comparison is performed digitally. 

The numerical speed reference contains the necessary 
digital information for determining the desired speed of 
the system. This device is generally a register of some 
type in which the state of electronic, magnetic, or tran- 
sistor flip-flop circuits represents the desired speed in 
code sequence. The speed reference is generally con- 
trolled in such a manner that its information can be 
fed to the remainder of the digital system and can also 
be changed from the external reference input, which 
may come from various sources, as shown in Fig. 1. The 
simplest of these is a hand-set input consisting of a 
series of pushbuttons or decade dials to set the speed 
in rpm or any other useful parameter. Data may be 
inserted from an IBM, or similar, punched-card reader. 
Other input methods are from a punched-paper tape or 
a magnetic-tape system similar to applications where a 
programmed speed control is desired. Input may also 
be the direct output from a digital computer where the 
speed control is just one minor loop of‘a much larger 
and very complex system in which the speed is calcu- 
lated from observation of other system parameters or 
from a program. In this case, the reference speed is 
calculated in response to information stored on paper 
or magnetic tape, with some modification from other 
feedback signals. 

The speed error computer may be a simple arithmetic 
unit which calculates the difference between the output 
of the numerical speed reference and a quantity repre- 
senting the speed sensed by the numerical speed trans- 
ducer. The difference is fed into the digital-to-analog 
converter. Generally, a clock or control circuit is asso- 
ciated with this computer which properly sequences the 
data shifting from the reference and the feedback into 
the computer, and which shifts the results into the digital- 
to-analog converter. Digital compensation may further 
be obtained by proper weighting and memory, and by 
adding and subtracting a calculated error not only from 
its individual calculation point, but from previous cal- 
culation points. (7) With this form of digital compen- 
sation, it is possible to optimize the response of the sys- 
tem for certain prescribed input driving functions and 
produce a system superior to the linear system alone. 

The digital-to-analog converter takes the coded nu- 
merical information and converts it into an analog 
voltage to be fed into the analog portion of the system. 
A converter generally consists of a number of relay con- 
tacts, or electronic or transistorized gate circuits (de- 
pending upon the speed of operation required), which 
take variously weighted voltages and add them through 
summing resistors into an operational amplifier. The 
summing amplifier then gives an output proportional to 
the sum of the different input circuits that are in the 
“on” position. The input to the digital-to-analog con- 
verter is generally in the form of a register which holds 
the numerical data from one entry until the next entry 
is made. Thus, the output of the digital-to-analog con- 
verter changes step-wise either in a sampled-data or 
quantized-data form, depending upon the change of the 
input samples. 


Hardware Assembly and Operation 


Numerous methods are in use whereby the digital 
hardware can be assembled to provide the necessary 
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functions of the digital speed-control system. One such 
system, a straightforward diagrammatical conversion of 
the general numerical speed-control system to hardware, 
is shown in Fig. 4. The four main elements of the digital 
portion of the system are a counter, a time and sequence 
control unit, a reference register, and an arithmetic unit 
and the necessary shift gates for the transfer of digital 
information. Considering the condition in which the resi- 
due in the arithmetic unit is equal to the digital value 
of the speed error as the zero reference point, we can 
determine the following sequence of steps: 


1. The time and sequence controller causes shift gate 2 to 
transfer the digital speed-error information into the holding 
register of the digital-to-analog converter. Simultaneously the 
gate to the counter is turned “on” to begin counting the 
pulses from the shaft position quantizer. 


2. The gate to the counter is turned “off”. Simultaneously 
shift gate 1 is activated, transfering the reference speed 
numerical information from the reference register into the 
arithmetic register. 


3. The digital speed information in the counter is shifted 
out of the counter through shift gate 3 into the arithmetic 
unit. Simultaneously, the counter is cleared. The arithmetic 
unit takes the numerical difference between the quantity in 
the register and the quantity shifted into the register. 


In this three-step sequence of operations the first step 
is repeated at the completion of the third. The three 
operations are spaced so that the counter is operated for 
approximately 90 per cent of each sampling interval. 

To help the reader understand equipment requirements 
and to point out the need for a method of analysis of 
such systems, the following specifications for a typical 
numerical speed control system are given: 


1) linear system crossover frequency == 50 rps 

2) rated speed = 1800 rpm = 30 rad/sec 

3) steady-state accuracy = 0.1 per cent of rated speed 
4) sampling-to-crossover frequency ratio= 10. 


From these data, physical equipment requirements can 
be formulated. The accuracy required determines the 
number of quanta per sampling interval; the sampling- 
to-crossover frequency ratio determines the sampling 
rate. Together they determine the pulse generation rate 
of the digital speed transducer at the rated operating 
speed. These data follow: 


1) number of quanta per sampling interval = 1000 
2) desired sampling rate == 80 cps 

3) pulse rate ai rated speed = 80,000 pulses/sec 
4) pulses per shaft digitizer revolution = 2667. 


It has proved both difficult and expensive to build 
shaft-position quantizers with resolutions exceeding 2048 
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Fig. 4 —— Equipment arrangement for a typical numerical speed- 
control system, 
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control system. 


pulses per revolution. Hence, if this limitation is recog- 
nized and the same accuracy requirements are main- 
tained, the pulse repetition rate at the rated speed would 
be reduced to 61,440 pulses/sec, giving a sampling rate 
of slightly more than 61 cps. This results in a sampling- 
frequency to crossover-frequency ratio slightly exceed- 
ing 7. 

The need for a reasonably accurate method of pre- 
dicting system performance in a sampled-data operation 
is obvious for the purpose of estimating the reduction 
of the sampling-frequency to crossover-frequency ratio 
that is possible without sacrificing a satisfactorily stable 
system. This problem becomes more acute if the rated 
speed of the system is reduced to 1000 rpm, in which 
case the sampling- to crossover-frequency ratio will have 
to be proportionately reduced because of the limitation 
of the number of pulses per revolution of the digital 
speed transducer. The analog-computer approach to the 
analysis of this system then becomes very attractive, be- 
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cause one can conveniently determine an optimum sys- 
tem in which accuracy, speed of response, and system- 
transit performance are weighted against one another 
to meet the conditions and limitations imposed by 
physical capabilities of equipment. 


System Performance 


To predict the performance of the combined analog- 
digital system represented by the numerical speed-control 
system, an analog-computer simulation of the system is 
constructed whereby the analog portion of the system 
is simulated directly and the functions of the digital 
portion of the system are performed by switches and re- 
lays, as required, to represent the actions of the sampled- 
or quantized-data portion of the system. (3,4) The 
equivalent analog system for the study of the numerical 
speed-control system is shown in Fig. 5. The analog por- 
tion of the system is shown in transfer-function form 
with four possible modes of operation of the error circuit: 
continuous, sampled-data with zero-order hold, quan- 
tized-data, and combined quantized- and sampled-data. 

The effects upon system performance of the mode of 
operation of the combined analog-digital system is ob- 
tained by applying the same driving functions to the 
various forms of the system and observing the transient 
performance of important system variables. A description 
of the test procedures applied to the system and a 
description and discussion of results from the investiga- 
tion of linear, sampled-data, quantized-data, sampled- 
quantized-data, and quantized-integrated error system 
forms of numerical speed control are presented in this 
section. 


Test Procedures. The equivalent linear form of the 
digital speed-control system was simulated on the analog 
computer. To compare the dynamic performance of the 
system with the different modes of operation, the same 
driving functions were chosen to test each particular case. 
These driving functions were a step increase in speed 
reference of 1 per cent at rated speed, and the applica- 
tion of 100 per cent load torque at rated speed conditions. 
The dynamic performance of the system was observed 
by the use of a strip-chart recorder to obtain continual 
records of the speed demand, the speed output, the quan- 
tized error, and the sampled error. A typical recorder 
chart obtained is shown in Fig. 6. For each condition 
investigated, an indication was made on the Log of 
Computer Runs (shown in Table I) of the run number, 
the type of.error circuit, the sampling-frequency to 
crossover-frequency ratio, the quantum size, the driving 
function, and the three observed bits of data from the 
recorder charts of the maximum speed error in percent- 
ages, the overshoot in percentages, and the numerical 
decrement.* 


Linear System. The dynamic performance of the 
linear speed-control system provides a convenient basis 
for comparison of the changes in dynamic performance 
when the system is operated in the different modes of 
combined analog-digital operation. One linear system is 
considered. The phase margin at the crossover frequency 
is approximately 50 deg. The transient response of the 
system following a one per cent change in the speed 


*An indication of damping obtained by dividing the difference between the first 
two positive overshoots by the amount of the first overshoot. 
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Table |1— Log of Computer Runs on Simulated Numerical Speed-Control System 


Quantum 
Sa/fe size, 
ratio* per cent 


|Max. speed! Overshoot, 
error, per cent Numerical 
per cent | speed demand | decrement 


+1 step-speed change 0.24 «| 24 


100 load-torque applied : 1 08 


Driving function, 
Run | Error circuit per cent 


continuous 


continuous 


sampled- ite er etap-egued change 


100 load- torque applied 


0 ).35 


1.16 


“euiabiel data 


| 
| 
| 
| 


sampled-data +1 step- apecd change 0.47 


sampled-data 100 load- meneve applied 1.18 


+1 step-speed c hange 


100 heal. -torque eggited 


sampled-data 


sampled-data load applied at the sampling 


instant 


100 load- aepene applied 


| é - t per eaalted Denies neil 
| ing instants 


sampled-data 


quantized-data +H step-speed ‘change 0.2 | j +0 


07% stoady-st state error 


quantized-data + 04% steady-state error 


100 load-torque applied 


+0. 08% steady-state error 


quantized-data 


Pr 1 step-epeed dane 


100 load- torque coated 


+1 1 step-speed change | 


100 load-torque uel - 722 «| «+0. 08% steady-state error 


quantinnd- data 7 13% steady-state error 


sa oom quantized- dat ta 


+0 08% stent state error 


sampled. quantized data 


secu enadieat data 


+1 top. epeed change | | 0.60 +0.08% steady-state error 





camgind quaatinsh tite 


100 tend torque applied 17 0.59 | =e 06% atendy- state error 


+1 iatipuseed change 0.41 


smnatht quuitined data +0. 08% A stead state error 


campled- quantined- date 100 load-torque applied - 0.40 


+ step-speed change d 0.61 


comshelqenstinadete 100 load-torque applied 0.60 





+0. 08% stoady- state error 


+0.16%  steady- state error 


+. 15% centien state error 


eenniied -quantized- “data 


+1 step-speed change | § 0.54 +0, 12 


% steady-state error 


sampled-quantized-data 


Ww. 16% steady-state error 


sampled-quantized-data 100 leat torque applied - 0.5 53 


sampled-quantized- data 





+ stop-speed duns 


100 ind torque applied 


+0 15% undodiote error 


sampled-quantized- iote +0.10% aesp-etete error 








demand is shown in Run 1 as a speed overshoot of 
approximately 25 per cent of the change with the damp- 
ing of the system represented by the numerical decre- 
ment of 0.71. The response of the system to a 100 per 
cent load torque application is shown in Run 2; the 
maximum drop in the speed following application of 
the load is 1.08 per cent. In all cases of the continual 
system, both for applications of speed demand changes 
and applications of load changes, the final steady-state 
error between demand-speed and speed-output approaches 
zero. 

Sampled-Data System. When the behavior of the 
numerical speed-control system as a sampled-data system 
was investigated, the sample- and zero-order hold simula- 
tion was inserted into the error circuit of the linear sys- 
tem simulation. In Runs 3 to 9 the sampling-frequency 
to crossover-frequency ratio varied from a factor of 20 
to a factor of 5, and in other runs some of the gaps in 
the frequency-ratio spectrum are covered. Examination 
of Runs 3, 5 and 7 shows the effect of the decrease in 
the sampling frequency upon the transient performance 
of the system. In Run 3, with a sampling-frequency to 
crossover-frequency ratio of 20, the system is shown to 
behave similarly to the linear system with only a slight 
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increase in the transient overshoot and decrease in the 
damping factor. However, when the sampling-frequency 
to crossover-frequency ratio is reduced to a factor of 
5 (see Run 7) the system is very lightly damped and 
the initial overshoot increases considerably. 

From these runs, and auxiliary runs, the data shown 
in Table II are tabulated, giving the per cent overshoot 


Table li— Tabulation of Data Used to Determine 
the Effect of f,/f, on System Performance, where 
Om = 50 deg 


fa/fe oe t./f, 
0 24 


“1 - 
0 | 0.05 | 35 


rr 
0.10 | 46 
0.15 54 
0.20 } 64 
0.25 68 


0.30 75 


fs = sampling frequency, fe = crossover frequency of basic linear system. 





following the step change in speed demand and the 
calculated numerical decrement. From these data the 
curves shown in Fig. 7 are plotted wherein the solid line 
indicates the change in peak positive speed overshoot 
as a percentage of the step changes of the reference as 
a function of the ratio of crossover-frequency to sanipling- 
frequency plotted in a linear manner. The normal desig- 
nation of sampling-frequency to crossover-frequency ratio 
is, therefore, represented as a reciprocal scale. In a 
continuous system, which may be considered to have 
an infinite sampling-frequency to crossover-frequency 
ratio, this becomes zero on the reciprocal scale. The 
increase in positive overshoot is shown to be practically 
a linear function of the reciprocal of the sampling-fre- 
quency to crossover-frequency ratio. The broken line 
shows the change in the numerical decrement as the 
sampling-frequency to crossover-frequency ratio is de- 
creased. As would be expected, the damping of the 
system decreases as the sampling-frequency to crossover- 
frequency ratio is decreased. Examining the curves, we 
can see non-linearity approximately between 4 and 5 
in the sampling-frequency ratio; this is caused by a 
quasi-resonance between the natural frequency of oscil- 
lation of the system and the sampling frequency, and can 
become quite noticeable in systems with high phase 
margins. 

A difference in the operation is noticeable when the 
driving function is a step change in the load torque, 
rather than a step change in the speed demand. In the 
latter case, the performance of the system is independent 
of the time of application of the speed demand with 
respect to the sampling instant; there is no driving signal 
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Fig. 7— Peak positive speed overshoot and numerical decre- 
ment as functions of crossover-frequency to sampling-frequency 
ratio for the response of the system to step changes in reference 


speed demand. 
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from the error circuit until the first closure of the 
sampling switch following the application of the driving 
function. However, when the driving function is a step 
change in the load, the performance of the system is 
influenced by the relative timing of the application of 
the driving function and the sampling instant. This is 
particularly true when the sampling-frequency to cross- 
over-frequency ratio is relatively low, as we can see 
by referring to Runs 8 and 9. In Run 8, the step change 
in load torque was applied just after a sampling of the 
error circuit; therefore, the step change in torque caused 
the motor drive to slow down in its open-loop regulation 
for one sampling interval before any corrective signal 
could return the speed to normal, and a transient drop 
in motor speed to a 1.28 per cent maximum is apparent. 

In Run 9 the load application was applied approxi- 
mately midway between sampling instants; therefore, 
after one-half sampling instant, an error signal to the 
forward portion of the loop could return the speed to 
the nominal value, and the maximum speed error is 
reduced to 1.09 per cent. Generally, applying the driv- 
ing function to a combined analog-digital system operat- 
ing as a sampled-data system, so that it appears at the 
sampler without passing through any time-dependent 
system function, makes the performance of the system 
independent of the application time of the driving func- 
tion relative to the sampling instant. However, if the 
driving function passes through any time-dependent por- 
tions of the system before sampling, the performance 
will be dependent upon the sequence of the driving- 
function application and the sampling instant in the 
sampling circuit. 


Quantized-Data System. To investigate the per- 
formance of the system operating as a quantized-data 
system, the error circuit of the loop was closed and the 
system was operated as a quantized-data system for the 
two selected driving functions and for two values of 
quantum size. The transient performance is indicated 
in Runs 10 to 13 (Table I). Comparing Runs 10 and 12, 
one finds no appreciable change in the damping of the 
system for a change in the size of the quantum, and 
only a slight change in the magnitude of the transient 
overshoot. A fixed error between the speed output and 
the speed demand, when steady-state conditions are 
reached, is an important consideration. In a quantized- 
data system, this error band can be as wide as one 
quantum, located about the nominal zero point (depend- 
ing upon the quantum bias in the system). A system 
chosen so that one quantum is not obtained until the 
error signal becomes positive by a one-quantum magni- 
tude will have an output error ranging from zero to plus 
one quantum from the desired speed demand. 


Sampled-Quantized-Data System. The control in- 
formation of some numerical speed-control systems causes 
data changes in discrete quantities, simultaneous with 
sampling at discrete time intervals; thereby, a combined 
operation, a sampled-quantized-data system, is obtained. 
This is simulated by connecting the quantizer in series 
with the sampler in the error circuit of the analog- 
computer simulation of the equivalent linear speed- 
control system. By such a simulation, the transient per- 
formance of the system is investigated for application 
of step changes in speed demand and load torque for 
quantum values of 0.1 per cent and 0.2 per cent, and 
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for sampling-frequency to crossover-frequency ratios of 
20, 10, and 5. This is shown in Runs 14 to 25 (Table 
1). The record of the sampled-quantized-data system, as 
shown in Fig. 6, demonstrates the quantized error signal 
to be a true quantization of the error between the speed 
demand and the speed output; the sampled error is a 
sampling, not of the error between speed demand and 
speed output, but of the quantized error. Where the 
sampling-frequency to crossover-frequency is very high 
(as in Run 20), the sampling error approximately fol- 
lows the quantizing error. However, at some points there 
is an apparent pulling in and out of phase of the rate 
of quantum changes as shown in the quantum error 
signal compared to the sampling-frequency intervals. 
Where the sampling-frequency ratio is low (for example, 
in Run 24), there is very little similarity between the 
quantized error and the resulting sampled error. 

The combined sampled - quantized - data - system - type 
operation is subject to both types of system deterioration 
that are found individually in the sampled-data and the 
quantized-data systems. In the sampled-data operation a 
decrease in the ratio of sampling-frequency to crossover- 
frequency causes a deterioration of system stability, de- 
creasing the damping as this ratio is decreased, whereas 
in the quantized-data operation the system maintains a 
steady-state error that may be as great as one quantum. 
Therefore, in a sampled-quantized-data system there is 
a greater dynamic error than in an equivalent linear 
system; a static error is also present. 

A general indication of the change of system perform- 
ance, measured by the magnitude of the positive over- 
shoot following a step change in speed demand, is shown 
in Table III. The per cent overshoot following the appli- 
cation of the step change in speed demand reference is 
tabulated for the three values of quantum size—the 
continuous system (considered to have zero-quantum 
size), the 0.1 per cent, and the 0.2 per cent size; and 
for four values of sampling-frequency to crossover-fre- 
quency ratio — the continuous system (considered to 
have an infinite sampling-frequency rate), the 20, 10, 
and 5 rate. These data show that, as the sampling-fre- 
quency to crossover-frequency ratio decreases, the amount 
of transient overshoot increases. As the quantum size is 
increased, the overshoot increases (but not in as large a 
ratio as the effect of sampling-frequency to crossover- 
frequency ratio). 

Quantized-Integrated Error System. In the ana- 
log-computer simulation, the linear system is modified 
to produce the integral of the error, which is fed into the 
quantizer to produce the quantized-integrated error. This 
could be represented physically by a speed control in 
which the reference speed is supplied by a variable- 
frequency pulse generator and the output speed by a 
pulse generator connected to the output shaft. The quan- 
tized-integrated error can be obtained from the output 
of a digital-to-analog converter driven from a reversible 
counter fed from the two pulse train signals. 


Conclusions 


Techniques were developed to adapt analog computing 
equipment to the representation of the quantization and 
sampling functions present in certain forms of combined 
analog-digital control systems, and a general digital 
speed-control system was analyzed in its various forms 
to determine the effects of the combined analog-digital 
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Table tll—Tabulation of Per Cent Overshoot 
Following Application of Step Change in Speed 
Demand Reference for All Combinations of Three 
Quantum Sizes, Four Sampling Rates, where 
Om = 50 deg 


Quantum | Sampling-frequency to crossover-frequency ratio 
size, ee 
per cent a 20 | 10 | 5 
0 Run 1 Run 3 Run 5 | 
24 35 47 
Run 10 Run 14 |Run16| Run 18 

| 98 40 | 48 | 68 


Run 7 
64 


Runi2}/  Run20 |Run22| Run 24 


35 49 | 58 | 70 


operation upon its transient performance. (4) Interpreting 
test results, we can draw the following conclusions: 


1. The operation of combined analog-digital systems in the 
various modes of operation such as sampled-data systems, 
quantized-data systems, or combinations thereof, can be suc- 
cessfully simulated on analog computing equipment with 
proper auxiliary apparatus, such as pulse-generator equip- 
ment, high-speed relays and stepping switches, and the 
operation of analog computing amplifiers in switching modes, 
similar to the logical circuitry of digital applications. With 
the freedom of choice of time-scaling problems it is possible 
to set up a typical analog system in such a way that the 
operating time of high-speed relays and switches will not 
contribute undesirable error to the simulation of the problem. 
Techniques to include non-perfect switching and relaying 
operations, which would be present in the actual combined 
analog-digital system, are feasible. (It was observed, however, 
that it would be extremely difficult to perform this type of 
analysis on the completely committed* analog computer, 
since much of the switching and relaying circuitry must 
necessarily consist of components not available in the com- 
mitted machine.) 


2. Two important factors influence system performance in 
the operation of the digital speed-control system as a sampled- 
data system: the system crossover phase margin of the equiv- 
alent linear system, and the ratio of the sampling frequency 
to the crossover frequency. Transient performance, indicated 
by the magnitude of the positive peak overshoot following a 
step change in the speed reference, deteriorates approxi- 
mately proportionately to the reciprocal of the sampling- 
frequency to crossover-frequency ratio: the maximum positive 
overshoot continues to increase as the sampling-frequency to 
crossover-frequency ratio decreases until there is unstable 
operation with diverging oscillations. The numerical decre- 
ment of the system also decreases approximately inversely 
in proportion to the reciprocal of the sampling-frequency to 
crossover-frequency ratio. One may, therefore, conclude that 
the operation of a sampled-data system with the zero-order 
hold produces transient operation which is less damped than 
the equivalent linear system, with a decrease in damping as 
the sampling frequency decreases. 


3. Two important parameters in the operation of the digital 
speed control system as a quantized-data system are: the size 
of the quantum and the crossover frequency of the equivalent 
linear system. Little interaction between these parameters 
was found. For a given system crossover frequency, the 

(Continued on page 186) 
*In a committed analog computer the amplifiers are permanently committed as 
summers and integraters with self-contained resistance and capacitance networks. 


In a non-committed analog computer the input and feedback networks are ex- 
ternally connected to the machine. 
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Digital Speed-Contro! Analysis 
By Analog-Computer Methods 


(Continued from page 185) 


primary contribution to system performance in the quantized- 
data system is the existence of a fixed error between the 
reference and the output, anywhere between zero and one 
quantum from the desired value. Quantized-data systems of 
this type may have a maximum probable error equal to the 
quantum size; thus quanta must be small to insure maximum 
accuracy. If the quantum is small compared to the step 
change of speed desired, the actual quantum size has prac- 
tically no effect upon the dynamic performance of the system 
because it practically equals that of the linear system. 

4. Two features of the individual types of operations are 
combined when the digital speed-control system is operated 
with the combined effects of sampling and quantization: the 
sampled-data mode of operation causes the transient per- 
formance to decrease as the sampling- to crossover-frequency 
ratio is decreased; lower damping than that obtained in the 
equivalent linear system results. The inclusion of the quanti- 
zation effect causes a steady-state error of as much as one 
quantum. Therefore, a sampled-quantized-data system with 
a zero-order hold in the sampler can be expected to be less 
stable and contain a greater steady-state error than the 
equivalent linear system. 

5. In a numerical speed-control system designed to operate 
as a quantized-integrated error system, the dynamic perform- 
ance is similar to that of an equivalent linear system. How- 
ever, a quantum bias may exist, causing the output to hunt 
at some frequency determined by the crossover frequency of 
the system with an oscillation approximately equal to one 
quantum. If a high-frequency dither can be included in the 
system, the quantized-integrated error system, although it is 
operating as a digital system, will perform essentially identi- 
cally to an equivalent linear system. 


Many other aspects of combined analog-digital systems 
and their operation are feasible. It should be possible to 
extend operations to hold circuits of the first- or higher- 
order, and circuits with the digital equivalents of set, 
rate, and the reset type of analog control functions at 
present used in process-control systems. The application 
of analog-computer techniques to analyze the combined 
analog-digital systems is limited only by the ingenuity 
of the engineer performing the analysis and by the 
availability of auxiliary equipment for use with the 
analog computer. ooOo 
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The motor and the belt housing of the 

ALLISPEDE DRIVE are individually ventilated 

Motor ventilating air is not exhausted into 

the belt housing belts run cooler for 

longer life. Service factor and operating life 
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lower operating temperatures 
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The Complete Line— 


Whatever your mechanical 
drive application 
requirements, there's an 
ALLISPEDE DRIVE to 
match it exactly. Sizes up 
to 30 HP, output speeds 
from. 1 to 10,000 RPM, 
and speed ranges up to 
8:1. Motors can be open, 
drip-proof, enclosed, or 
explosion-proof; with 
ventilated or enclosed 
belt housings, suitable 
for foot, P-base, C- or 
D-flange mounting on 
your machine. Available 
with parallel shaft, or 
right-angle, integral gear 
reducers, special shaft 
extensions, integral 

etic brakes, electrical 
or mechanical remote 
control, and othe 
moditications as required 
to meet the specifications 
of your application 


Another new product from Louis Allis 


Four of the many variations 
of mounting available with 
the ALLISPEDE DRIVE. 


Let’s look at the features of the 


ALLISPEDE DRIVE* 


New Louis Allis Drive offers accurate 
control — maximum belt life — long-run economy — 
low-cost versatility — ease of installation 


After checking the many superior features of this drive, you will prefer 

the Allispede every time. The illustrations at the left demonstrate the 

many advantages of design and construction available in this drive. 

The Allispede Drive gives you high efficiency and close regulation. Belt 
tension adjusts automatically — and belt changes are easy and fast. The 
modern design eliminates overhung discs—maintains belt and disc alignment 
— results in longer belt life — provides the ultimate in field versatility. 
Check the accompanying features — now! A phone call to your local 
Louis Allis District Office will bring a skilled Louis Allis Field Engineer. 
He will gladly study your drive problem and offer Application Engineering 
assistance. Or write to Louis Allis Company, 428 East Stewart Street, 
Milwaukee 1, Wisconsin for a copy of Bulletin 3600. 


*ALLISPEDE is a trademark of The Louis Allis Company. 
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The 
Big Squeeze 


SPECTROL’S new PRECISION MECH- 
ANISM —a velocity servo—is more than 
just another interesting shrink job. It’s 
useful. It can go anywhere you need an 
ultra-miniature, precision speed control 
device 

First, the package. It measures only 1% 
x 1% x 3 inches. In a space that would 
give a sardine claustrophobia, Spectrol 
engineers squeezed a solid-state amplifier, 
a servo-motor, a gear train, and a very 
special, condensed (14-inch long) poten- 
tiometer and switch. 

The pot has four electrically isolated 
wipers, all riding 90° apart on the same 
coil. The switch, in the same pot housing, 
has four wipers riding on an alternately 
conducting and non-conducting surface. 


THE FUNCTION: The servo accepts dc 
signals varying between +10 v from a 
computer to drive the pot in such a man- 
ner that speed is directly proportional to 
the de signals. 


THE APPLICATIONS: Here's an ex- 
ample: tied to an airborne computer, the 
Spectrol servo will drive a scope in the 
cockpit of one of the nation’s hottest 
aircraft. The object: to give the pilot a 
visual, three-dimensional analog of his 
position. Actually, the servo will drive 
anything—resolvers, synchros, tachs, 
other pots and switches. It’s a complete, 
ready-to-go package you can put into 
your system as is. 

This is another example of how Spectrol 
PRECISION MECHANISMS free the systems 
engineer from building functional sub- 
assemblies using components such as gear 
drives, clutches, precision potentiometers 
and servomotors. If you need modules 
combining any of these components in 
a single specification—Spectrol can help. 


For more details, call your Spectrol engi- 
neering sales representative, or address 
Dept. 32. 
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RESEARCH Notes 


Automation in Colorimetry 


THE PRODUCT DESIGNER'S TASK (working 
in conjunction with a colorimetrist) of 
specifying colors has been greatly eased 
by a new system which makes it possible 
to convert spectrophotometric data to nu- 
merical color specifications by fully auto- 
matic operations. The development is de- 
scribed in an article in the February 1960 
issue of the Journal of the Optical Society 
of America (1) and it is the final link in 
a chain of achievements leading to auto- 
matic colorimetry. 

The full sequence of automatic opera- 
tions, following the insertion into the 
spectrophotometer of a color sample to be 
measured is: (a) the running of the 
spectrophotometric curve; (b) the digital- 
ization of the resulting spectrophotometric 
data; (c) the conversion by computer to 
CIE* (the fundamental numerical basis 
for color specification) chromaticity co- 
ordinates; and (d) if desired, the further 
conversion to Munsell renotations. 

The historical development of this se- 
quence began when the taking of reliable 
spectrophotometric data was rendered auto- 
matic by the invention of what is now 
known as the General Electric recording 
spectrophotometer. (2) Next, the conver- 
sion of the transcribed spectrophotometric 
data to CIE chromaticity coordinates was 
made automatic by the use of an electronic 
high-speed digital computer (IBM 650 or 
704). By a second computer program with 
a complex search routine, these CIE data 
could be converted automatically to Mun- 
sell renotation. (3) The latter conversion 
was difficult because of complex relations 
between the CIE and Munsell systems and 
because of substantial extrapolations be- 
yond the published Munsell renotations 
which were required to permit satisfac- 
tory programming. (4, 5, 6) 

The operation remaining to be autom- 
atized was the transcription of the spec- 


* International Commission on Illumination. 


trophotometric data for acceptance by the 
computer, This step was taken by the in- 
troduction of a digitizer device known 
as the Librascope digital readout unit. (1) 
This accessory is used in conjunction with 
a printing summary punch, such as IBM 
Type 526, to produce punch cards for the 
computer, Thus the full automatic se- 
achieved. The respective ac- 
curacies of these automatic operations ap- 
pear to be satisfactory relative to those 
of the far longer operations which they 
can supersede. (1, 3, 4) 


quence is 
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Editor's Note: This item was digested 
from an article by S. M. Newhall in the 
Newsletter of the Inter-Society Color 
Council, No. 146, March 1960. 


Systems — Components Liaison 


A new liaison group which will pass along 
component requirements from computer 
systems manufacturers to components 
manufacturers for possible standardization 
has been organized within the Electronic 
Industries Association. The scope of ac- 
tivity of the group, called the Microminia- 
ture Electronic Components Subcommittee, 
is “to recommend physical and mechanical 
requirements for individual small, reliable, 
active and passive components as used in 
digital computing systems.” The group is 
concerned for the present only with dis- 
crete components and has excluded groups 
of components in modular form. 
Specifically, the subcommittee will: (1) 
recommend form factors and lead place- 


ment of components to facilitate produc- 
tion of systems; (2) recommend standards 
for components suitable for successful as- 
sembly, with particular emphasis on en- 
vironmental conditions; and (3) recom- 
mend means for handling and transporting 
components from the supplier to the con- 
sumer. The subcommittee is part of the 
Computer Component Requirements Com- 
mittee of EIA’s Industrial Electronics 
Panel. The first meeting of the subcom- 
mittee will be held May 2 in conjunction 
with the Western Joint Computer Con- 
ference in San Francisco. Chairman of the 
group is Edward Keonjian of Arma, 
Garden City, L. I, N. Y. 
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Quick delivery ae 


of the Drive you need! 


When you purchase a Square D A-S Drive, you get 
a complete “package”—Including drive motor, 
operator’s station and all controls. You also get 
these important advantages: 


QUICK DELIVERY ¢ Square D’s unique method of 
stocking sub-assemblies means quicker deliveries 
of packaged drives to meet your requirements. 
EASY INSTALLATION ¢ Maintenance manuals are 
complete in every detail, including step-by-step in- 
stallation instructions. Moreover, each A-S Drive is 
completely factory-tested and adjusted when 
shipped — only a few trimming adjustments are 
needed to put it in operation. 

MINIMUM MAINTENANCE « Industrially rated 
components are used throughout, and extra-sturdy 
cabinets give lasting protection. Static elements 


and encapsulated circuits—which are virtually main- 
tenance-free — are utilized wherever possible. 


EXTRA SAFETY « Only push buttons with heavy- 
duty construction and potentiometers with indus- 
trial clearances ate used in operator's stations, for 
maximum personnel safety. 


WIDE VARIETY AVAILABLE « There's a Square D 
“package” for any adjustable-speed job. You can 
choose from electronic, magnetic amplifier or motor- 
generator types — with ratings from 1/20 to 400 hp 
—and with accuracies to within fractions of 1%. 


FIELD APPLICATION HELP « Square D has wide 
experience in the design and manufacture of ad- 
justable-speed drives, and field specialists are 
trained to help you in the selection of the proper 
drive. 


While FOR BULLETIN » Square D Company, 4041 North Richards Street, Milwaukee 12, Wisconsin 


SQUARE J) COMPANY 


wherever electricity is distributed and controlled — 
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DESIGN Trends 


Edited by Arnotp E. Rupant, Associate Editor 


Torque-Opposed Hydraulic Drive 


D. R. BILLETTER 

Defense Electronic Products 
Rapio Corporation OF AMERICA 
Camden 2, New Jersey 


By uritizinc two hydraulic motors 
which operate in torque opposition and 
drive a common load through parallel 
gear trains, it is possible to remove all 
backlash from the drive without sac- 
rificing dynamic performance. In the 
design of radar pedestals and similar 
machinery, this is a decided advantage 
both operationally and economically. 
By eliminating the backlash require- 
ments, less accurate gears may be em- 
ployed; the limit on the degree of ac- 
curacy becomes the maximum tolerable 
gear non-linearity. This obviously leads 
to a substantial saving and, in instances 
where very large gears are required, 
makes possible a degree of accuracy 
previously unattainable. A less obvious 
advantage is that, by using two parallel 
gear trains, the stiffness of the load 
is doubled while the inertia is increased 
by a factor somewhat less than this. 
This results in an increase in natural 
frequency and bandwidth in most in- 
stances, 


Pig. 1 


Without Backlash 


The basic system is shown in Fig. 1. 
Oil flows through an orifice in the servo 
valve, through the two motors, and 
finally through a second orifice in the 
servo valve. If a relief valve is placed 
in the line between the two motors to 
maintain a low positive pressure (with 
a check valve to prevent cavitation), 
the motors will then operate in torque 
opposition. From the pressures at vari- 
ous points in the flow path, as plotted 
in Fig. 2, it is apparent that torque 
opposition does exist. The difference be- 
tween P, and P, is the pressure drop 
which is convertible to torque to be 
transmitted to the load. The difference 
between P, and Pp, represents the 
torque which eliminates the backlash. 
The relief-valve setting therefore deter- 
mines the amount of torque opposition 
for a given load torque, when the sup- 
ply pressure is known. 

The system shown behaves much like 
a scissor-gear system in that it elimin- 
ates backlash only up to a_ given 
torque level. The major difference is 
that the “pre-load” is not a constant 
for the opposed motors (as it is for 
scissor gears) but a function of the 
torque required hy the load. Instead, 


Schematic of torque-opposed hydraulic drive. Degree of back loading, to 


eliminate backlash, is determined by setting of relief valve. 


Fig. 2 


Valve drop 
Load drop 


Torque opp. 
Valve drop 


Oil pressure at varieus points along flow path. Solid line is for one direction 


of output rotation; dashed line for reversed rotation. 
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the sum of the opposing and trans- 
mitted torques is essentially a constant; 
thus, the more torque required, the less 
the opposing torque. Further, since the 
valve is not linear, the pre-load will 
fall off with increased velocity. 

While this is not the most desirable 
condition, it is better than that obtained 
with scissor gears. The optimum con- 
dition would be to have a pre-load 
equal to the transmitted torque up to 
a fixed maximum pre-load. In this 
manner the gears would carry a mini- 
mum torque at all times and strength 
problems would be reduced. With scis- 
sor gears the total torque is that trans- 
mitted, plus a constant; thus, the total 
torque increases’ with transmitted 
torque but is higher than required for 
low values of transmitted torque. With 
opposed motors the pre-load falls off 
as transmitted torque increases, with 
a resulting lower maximum total torque 
than with scissor gears. Also, at the 
torque levels where backlash may 
create problems, the opposing torque 
is maximum. When the transmitted 
torque is maximum, the effect of back- 
lash is usually insignificant since the 
servo is not operating within its linear 
range. In this range little or no pre- 
load is required. Torque-opposed motors 
meet these conditions. 

To evaluate this approach, a mathe- 
matical analysis and a non-linear ana- 
log computer study were made and an 
actual drive system tested. The prin- 
ciple performed as expected, and the 
system suffered no ill effects from large 
gear nonlinearities. If the ratio of start- 
ing to running friction is the same, 
independent of level, for a single and 
a torque-opposed motor system, the 
low-speed performance is the same for 

(Continued on page 199) 
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Fig. 3—Open-loop frequency response 
for opposed-torque vs single-motor hy- 
draulic drives with same amount of back- 
lash. 
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GENERAL ELECTRIC. 
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: | TIMED OR CURRENT LIMIT 
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OPERATES FROM 


{C POWER SOURCE 
SPEED 


R. E: M. RANGE 


2 to 6000 Up to 200:1 


Constant HP 
Constant 


SPEED REGULATION Torque 
10% to 0.1% Or Both 





SELECT YOUR DRIVES /rom: * 
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mission Components 


tT Pat. Pending. 


High quality electronic drive. 
“%—-l10-hp. Wide speed range. 
Small, lightweight. General Purpose 
and High Performance types. Write 
for Bulletin GEA-7018 and GEA-7019*. 


SOCHOSSSSSSSSSSHOSOSSESEESOE General Electric adjustable-speed drives are available for 
every performance level, every price range to help you boost 
output, improve quality, increase machine flexibility, reduce 
Industrv’s installation costs, cut your maintenance budget, add substantial 
profits to your business. 


most complete line To make possible these advantages, your General Electric 

sales engineer is backed by an experienced team of adjustable- 

wa as . ie speed drive specialists—men who work constantly to help 
of modern pac kaged drives pou get neve eat of your wentidues. 


en itl iam Saat They offer an unbiased, analytical evaluation of your require- 
foi every pP* rfor mance level, ments—recommend the adjustable-speed drive that meets the 


; demands of your application most completely and economically. 
every price range 
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SPEED VARIATOR 


Outstanding packaged drive value. 
Compact, versatile eddy 
coupling. 3-100-hp. Stepless 1 
speeds 12:1 to 17:1. 2% speed | 
regulation. For complete informa- 

tion write for Bulletin GEA-6885*. 
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Power amplistat conversion features hermetically 
200-hp. Speed ranges 
to 200:1. Lightweight, quiet and vibrationless 
Field proven. Write for Bulletin GEA-7012* 


sealed silicon rectifiers. | 


* Write to Section 821-4, General Electric 
, Company, Schenectady 5, New York. 


In Canada, write Canadian General Electric, 
Peterborough, Ontario 


+: Trademark of General Electric Company. 


RESEARCH MANUFACTURING SERVICE 


G.E.’s_ service network 


In product research, G.E. 


invests more than three 
times the industry aver- 
age. You benefit from the 
most modern features in 
your G-E drive. 


General Electric industry and appli- 
cation specialists, familiar with your 
production process, assure proper 
selection and design of G-E adjust- 
able-speed drives to meet your 
specific application requirements. 


Skilled G-E workers, modern pro- 
duction facilities, standardized com- 
ponents and latest testing methods 
combine to give you high-quality, 
adjustable-speed drive equipment, 
shorter delivery time, lower prices. 


offers three-way ‘round- 
the-clock’ assistance: start- 
up service, productive 
maintenance assistance and 
complete repair service. 








Lett Mme Ie 3 1ee 1° Mba 
mill motor. 500 to 625-hp. 


Write for Bulletin GEA-4654C*. 
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LUS . « « indusry 
} 4 Ss see industry s most 


complete line of drive components 
for both general purpose and 
special industry application 


To learn more about the modern capabilities of G-E 
yackaged drives and components, call your nearby General 
Flectric sales engineer. ADJUSTABLE SPEED, a new 
booklet which outlines G.E.’s complete line of modern 
packaged adjustable-speed drives, is also available to help 
you modernize for profits. Ask for Bulletin GEA-6999*. 
* Write to Section 821-4, General Electric Co., 
Schenectady 5, N. Y. In Canada, write Canadian 
General Electric, Peterborough, Ontario. 
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Performance proved. Quality designed. 250 
to 1250-hp. Write for Bulletin GEA-5497A*. 
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POWER 
AMPLIFIERS 


KINAMATIC 


D-C MOTORS 


Most versatile d-c 
motor for adjustable speed. | to 
200-hp. Write for Bulletin 


GEA-6335*. 


modern, 


Fast d-c 
power with 
flexible output char- 


response 
source 





acteristics. Write for 
Bulletin GEA-4053B*. 


ea 


Reliable power conversion for main, 
auxiliary and process line drives 





A-c or d-c. | to 75-hp. Simplified maintenance. 
Produced by Gear Motor & Transmission Com- 
ponents Dept. Write for Bulletin GEA-6704*. 





DESIGN Trends 


either type of system. This is not gen- 
erally true when scissor gears are used. 

As an added benefit, the torque- 
opposed motor system showed a defi- 
nite improvement in frequency response 
over that of an equivalent single-motor 
system, Fig. 3. ooo 


High-Speed Scanner 


AN ULTRA-HIGH-SPEED, completely solid- 
state alarm scanner for the scanning 
of both millivolt and higher level sig- 
nals has been announced by San Diego 
Scientific Corp. Capable of scanning 
from 1,000 to 20,000 points per sec, 
the alarm scanner provides adjustments 
for both the bogey value and the toler- 
ance on each individual input. Visual 
and audible alarms can be provided 
as required, along with alarm-point 
identification and memory. 

The unit, Fig. 1, will accept inputs 
from thermocouples, strain gages, ex- 
ternal voltages or resistances, and pro- 
vides a minimum of 130 db common 
mode rejection at 60 cps. Overload of 
one channel does not disturb the others. 
The input for each point, which con- 
sists of a winding on a magnetic amp- 
lifier, is isolated from the other cir- 
cuits within the alarm unit and from 
the other inputs, thus providing a high 
degree of d-c isolation. 

The input portion of the Magne- 
Alarm is basically the Magne-Plexer 


Fig. 1—The high-speed, solid-state alarm scanner called “Magne- 
Alarm” by its producers, the San Diego Scientific Corp. of San 
Diego, Calif. In this system, the scanning of inputs is accom- 
plished by switching carrier power to each of a number of 
magnetic amplifiers by a solid-state matrix so that the signal 
circuits are never interrupted. Varied programming can be 
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scanning unit. In this unit each input 
is connected to an individual sub- 
miniature magnetic amplifier. Because 
carrier current is supplied to only one 
magnetic amplifier at a time under 
control of the carrier gating matrix, 
only that magnetic amplifier which is 
receiving carrier power is operating. 
Carrier switching is accomplished by 
means of a solid-state switching matrix 
which activates each individual mag- 
netic amplifier according to a pre-set 
program. Thus, selection of each input 
to be monitored is done without in- 
terruption of the signal circuit, without 
any reaction into the signal circuit, and 
can be done at speeds up to 1 millisec 
per magnetic amplifier. Since carrier 
is supplied to only one magnetic am- 
plifier in a module at a time, zero 
emf is developed in the output wind- 
ings of the other magnetic amplifiers 
which are not receiving carrier cur- 
rent, and the magnetic outputs may 
therefore be connected together, but 
only the one having carrier current ap- 
plied will produce an output voltage. 

The output voltage from a magnetic 
amplifier is amplified through succes- 
sive stages and detected to provide a 
voltage level for the output detector 
circuit. The complete loop is stabilized 
by feedback which provides the over- 
all linearity and accuracy and reduces 
system-generated noise. The ratio of 
feedback current to input-current sig- 
nal is established by the turns ratio 
between the input and feedback wind- 
ings and provides a stable and ex- 
tremely accurate relationship. Because 
the input and feedback signals are 
only inductively coupled, feedback has 
no effect upon input impedance. 

As shown in Fig. 2, the programmer, 
while switching carrier power to the 
individual magnetic amplifier, also arms 


Fig. 2 - 


gates that are connected to storage 
elements for alarm memory and indice- 
tion. After a gate is armed by the pro- 
grammer, it is ready to pass the signal 
from the output-level detector so that 
as each gate is activated in turn dur- 
ing a scan, the gate is opened and the 
storage element is set if the output 
level for that channel is beyond the 
pre-set limit. The reset function for 
the alarm memory can be arranged to 
reset automatically after a _ certain 
period of time or can be programmed 
for manual reset. 

Two controls are provided for each 
input. The reference control is used 
to set the input level around which the 
output-level detector will operate. This 
control operates on a separate winding 
in the magnetic amplifier and does not 
affect the input circuit. The sensitivity 
control is used to set the deviation 
from reference level at which the 
alarm will operate. With these controls 
it is possible to set the alarm to 
operate at a range of from 0.1 micro- 
amp to 50 milliamp with either posi- 
tive or negative reference; 1 microamp 
is standard. 

Since a magnetic amplifier is basic- 
ally a current-sensitive device, full- 
scale input voltage is related to the 
resistance in the input circuit. The 
magnetic amplifiers used in the Magne- 
Plexer and Magne-Alarm have a 
nominal, full-scale output with 50 
microamp input current. Since the re- 
sistance of the input winding is ap- 
proximately 40 ohms, a nominal 2 
millivolts at the magnetic amplifier 
input will provide a full-scale output. 
If higher voltages are available, then 
various arrangements can be provided 
to lower the voltage to the operating 
range of the input circuit. Where a 
low-cost alarm system is required and 
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- Block diagram of the Magne-Alarm system. 


obtained by selection of desired circuits within the carrier 
switching matrix without disturbing, patching or reconnecting 
the signal inputs. Program selection is accomplished by replac- 
ing plug-in cards. With this arrangement, it is possible to pro- 
gram one group of inputs at high rates of scanning speed and 
other groups at slower rates. 
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/PRECISION| 


ELECTRONIC 


ADJUSTABLE-SPEED 
DRIVES 


SPEED RANGE infinitely adjust- 
able from tess than 36 rpm to 
more than 3600 rpm while de- 
livering full rated torque. Con- 
tinuous duty rating ot all speeds. 


REGULATION Both line anu load 
regulation is better than Y% of 
1% of rated speed. 


HORSEPOWER Various models 
from % hp down to 1/200 hp. 
Motors of % hp and larger are 
totally enclosed. 


REMOTE CONTROL A_ 10-turn 
potentiometer provides precise ad- 
justment at any convenient loca- 
tion. 


GEARED MOTORS Motors are 
available with integral gear re- 
ducers. 


BRAKING-REVERSING  Relay-con- 
trolled braking and reversing 
models available. 


MAINTENANCE Fully encapsulated 
construction results in long service 
life. Plug-in construction requires 
only a screwdriver for servicing. 


OTHER MODELS Servo-Tek man- 
ufactures drives with silicon recti- 
fiers and adjustable autotrans- 
formers, as well as other thyratron 
drives with less exacting specifica- 
tions. Write for information in- 
cluding details of your proposed 
use. 


IMMEDIATE DELIVERY 





DESIGN Trends 


higher voltage and current sources are 
available, less sensitive magnetic am- 
plifiers can be utilized. 

To illustrate the operation of the 
Magne-Alarm and its controls, assume 
that 1 microamp net input signal will 
operate the alarm level detector. Sup- 
pose that a particular sensor was oper- 
ating in its normal condition with an 
output of 100 millivolts, and that it 
was desirable to trigger the alarm 
whenever the sensor output value dif- 
fered from this normal value by +5 
millivolts. The sensitivity control for 
that channel would then be set at 5000 
ohms (including the 40 ohms input 
impedance of the magnetic amplifier 
plus the sensor resistance). This would 
produce a current change of 1 micro- 
amp in the input circuit for a change 
of 5 millivolts in the sensor. Next, the 
reference control would be set for 
zero voltage at the alarm level detector 
when 100 millivolts was applied to the 
input. With this arrangement, alarm 
would be obtained 5 millivolts above 
or below the normal 100 millivolt level. 


ESSENTIAL TO THE DESIGN of a servo 
system is the breadboarding for test and 
evaluation of the rotating portion of the 
system. Many prefabricated kits and 
assembly schemes are available to the 
designer for making such breadboards. 
Most consist of a flat grid plate on which 
components and gearing are mounted 
in a two-dimensional array. A new 
method (the Servo Construction System 
developed by Gap Instrument Corp., 
Freeport, N. Y.) uses a three-dimen- 
sional assembly and, through the use 


(Continued on page 202) 


It is important to note that the input 
winding on each magnetic amplifier is 
electrically isolated from the other in- 
put windings and also from the voltage 
sources within the Magne-Alarm itself. 
Because of this arrangement, common- 
mode d-c problems are virtually non- 
existent and common-mode rejection at 
60 cycles is in the order of 130 db 
with the input completely unbalanced. 
This isolation also allows the inter- 
mixing of high- and low-level sources, 
since the input windings will withstand 
150 volts peak applied between the 
winding and the cabinet. 

A magnetic amplifier requires ap- 
proximately 1 millisec to stabilize and 
in the Magne-Plexer, the commutating 
unit, interlacing between the input 
modules and output gates, is utilized 
to provide successive outputs at rates 
to 50 microsec per point, and at the 
same time provide a carrier dwell time 
on each magnetic amplifier of at least 
1 millisec. In the Magne-Alarm, be- 
cause the alarm detector and the alarm 
memory elements are contained with- 
in each individual module, it is possible 
to operate each module individually. 
Thus all modules can scan their inputs 
simultaneously at the rate of one milli- 
sec per input. In a system of 96 inputs 
(6 modules) all 96 inputs can be 
scanned in 16 millisec. Ooo 


Servo Breadboard System 


Fig. 1 — Breadboard model of servo con- 
structed with system using jig-bored grid 
plates. 
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from copper and steel... 
Cee eae 


et hae le 


COMPLETE SERVO ASSEMBLIES 


We are not an assembly station. We are a manufacturer! 


Steel and copper come into our factory. Housings are turned and gears 
are hobbed from the solid stock. Laminations are stamped from 
strip steel. Copper is wound right off the reel. 


Every operation between raw stock and servo assembly is per- 
formed in our own plant, under our own supervision. And because 
we exercise this complete control over manufacture, we can honestly 
vouch for the quality and reliability of every motor, generator, syn- 
chro, and gear train carrying our name. 

Undivided responsibility isn’t a new idea by any means, but it is 
increasingly difficult to find in this age of overspecialization. If you’d 
care to sample the benefits of this integrated approach, why not 
call on us now? 


3 ig, 
DAYSTROM s INCORPORATED 
vemana 


TRANSICOIL DIVISION WORCESTER + MONTGOMERY COUNTY + PENNSYLVANIA 
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SERVO ASSEMBLY — Type 9 motor generator 
driving two Type 11 CT synchros through a slip 
clutch and a gear train having ratio of 1500 to 1. 





nother DESIGN Trends 


a inEeneneninnenimmmmmmnamendln 


UNS Nyala | of standardized parts and gear ratios, 


eliminates some of the steps ordinarily 


involved in layout and construction. 
Basis of the new system is a pair of 
| ° : 


| accurately machined plates which are 
| jig-bored with 0.3125-in. holes precisely 
| located (Fig. 1). The holes serve as 


7 cs 
bearing seats and as locators for plate- 
spacer assemblies and component 
; adapters. They may be converted to 
tapped holes by the use of threaded 


bushings. Beginning with a schematic 


diagram of the servo, the designer 
UNITIZED TM aeEl aida makes a grid layout similar to that 
shown in Fig. 2 on a standard layout 
sheet. In addition to a full-size grid 
with numbered and lettered co-ordin- 
ates, the layout sheet also carries radius 
scales showing the radii of various 
standard components and gears, a dia- 
gram for specifying component-clamp 
locations, and a table of gear ratios. 
While the system is designed to work 
with any gears whose pitch is a multi- 
ple of 24, it has been found that 72- 
pitch gears will satisfy most require- 
ments. 
The layout is based on a multiplicity 
of fixed gear centers chosen to give a 
ACER aE wide selection of ratios. A modular dis- 
eau tance of 0.4167 in. is used as the basis 
Tue for determining distances between gear 
centers. This is the nominal center dis- 


* ance tor ; ir 0 sshing 72-pitch 
39 Full Wave Bridge Rectifier tance for a pair of meshing 72-pit« 
I et hase gears having a total of 60 teeth. Mul- 


tiples of the modular distance for other 
= ey meshes are obtained from the ratio 

table on the layout sheet. 
7.9 KVA 25 KV @ 300 ma In making the layout, the component 
’ ee ‘ in the system with the lowest speed is 
eshte totic rll a assigned a value of 1X, or 1-speed. All 
other rotating components (dials, stops, 
cams, handwheels, slip clutches, etc.) 
are then assigned speeds relative to 1X. 
Other considerations include the ad- 
visability of placing all rotating com- 
ponents on the back, with the gearing 
in the middle and dials and hand- 
s e | wheels on the front. Many variations 
Light Flectric Corp | are possible. If blacklash is extremely 
- critical, special anti-backlash gears are 

218 Lackawanna Avenue, Newark 4, New Jersey | available. 


Other sizes available up to 150 KW DC “Units ordinarily supplied without tubes. | 
| 
I 
l 
! 
I 
| 
| 
| 

Telephone: HU 5-4110 : The servo itself is constructed di- 
I 
I 
| 
i 


For quotations on this and other custom designs, be 
sure to specify DC output desired, Isolation required, 
Space requirements (if any), Input voltage available, 
frequency and type of rectifier tube. 


rectly from the layout sheet, which also 

rey tet KVA aren hong — serves as a record of what was con- 

rectified outputs to transformers for 
75 KV DC corona testing 


dry or oil immersed 


1 to 250 KVA structed. The finished breadboard model 
is of a shape and size suitable for im- 
mediate field use or as a basis for mass 
production. The unit is flexible enough 
| however, to permit major changes with- 
out extensive redesign. 
| The manufacturer will either build 
| breadboard models from schematic 
| diagrams or furnish production units or 


rectified outputs to 





| 
| 
| 
75 KV DC | 
50, 60, or 400 cps | UNITIZED CONTROLLED POWER MISCELLANEOUS 
| SOURCES audio output transformers 
FILAMENT TRANSFORMERS saturable reactor or 5 cps to 10 ke 
low capacitance | amplistat contro! 5 to 30 KVA 
| capacities to 100 KVA saturable reactors 
| AC or DC outputs for furnace 1 to 100 KVA 
| or plating applications — for — of 
rectifier output 
| LABORATORY EQUIPMENT current limiting reactors 
| high voltage testing tapped furnace or 
| transformers annealing transformers 


high reactance 
multiple coil 


CHOKES 
filter 
charging 


| 
| 
| 
| 
l 
l 
| 
| 
l 
l 
| PLATE TRANSFORMERS 
I 
l 
I 
l 
| 
| 
| 
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New name for 
an old attitude 
at Allis-Chalmers 


] 


A unique form of empathy...the sensitivity to understand and 
react to the problems of Original Equipment Manufacturers. 


Why do we have this attitude? Because we give what we'd like to receive. At Allis-Chalmers 
. . . O.E.M.pathy is a deep-rooted mental habit we never aim to change. In building com- 
ponent products for use in your products, we draw on our own experience as an OEM in 
many fields. We don’t have to put ourselves in your shoes . . . we’re already wearing a 
similar pair. This OEM frame of mind affects our basic approach in everything we do for 
you ... not in a superficial way . . . but from the basis of sound, well-chosen beliefs gained 
as OEM’s ourselves. It shows in the products we offer as components, in our service, our 
delivery, our ability to supply “specials” and to fit our performance to your needs. 
O.E.M.pathy directs our thinking, our attitudes, our actions. Industrial Equipment Division, 
Allis-Chalmers, Milwaukee 1, Wisconsin. A-1279 


PRODUCTS FOR YOUR PRODUCTS 
FROM ALLIS-CHALMERS 
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COMPLETE 
MAGNETIC DISC 
eae 
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DINGS 


MOTOR MOUNTING 


A brake for ev- 
ery need! Direct- 
acting standard 
and waterproof, 
dust-tight mod- 
els with torque 
range of 1% to 
175 Ibs. ft. Haz- 
sonnmpseentten 
t in 3 to 75 
ibs. ft. “C” 


flange mountings. ““Thru-Shaft”, 
vertical and other special designs 
available. 


FOOT MOUNTING 


eer eel 


All Dings Brakes 
available with 
foot mounting 
bracket for in- 
stallation wher- 
ever a “C’’ flange 
mounting is im- 


. practical. 


SERRATED CLUTCH COUPLING 


y 
x 


Twostyles avail- 
able: Magneti- 
cally-engaged, 
spring-released 
—1200 through 
32,000 lbs. ft. 
torque, and 
spring-engaged, 


magnetically-released— 2000 
through 16,000 Ibs. ft. torque. 


DINGS SERVICE 


Dings representatives in 29 U.S. 
cities, 3 Canadian cities, and in 
foreign countries, offer expert as- 
sistance with your brake or clutch 
problems, and prompt repair 
parts service. Ask about Dings 
complete engineering service for 
your brake or clutch application. 
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Send for FREE BULLETIN 


Bulletin BK-4106 
gives general infor- 
mation about Dings 
complete line of 
Magnetic Brakes. In- 
cludes applications, 
data, mounting, en- 
closures, selection, 
and useful engineer- 
ing information. 
Send for your copy 
today. 


DINGS BRAKES, Inc. 


A subsidiary of Dings 
Magnetic Separator Co. 


4713 West Electric Avenue 
Milwaukee 46, Wisconsin 
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LITERATURE for the 
Design Engineer 


All-new listings of manufacturer’s literature just off the press 
. including catalogs, manuals and other reference publica- 


tions relating to components 


for designed-in use. Where 


applicable, Design Engineering Show booth numbers are 


appended. 


| WATER PUMP 


Four-page folders 2014-B1 and 2014-B2 
describe a pump for air-conditioning 
systems. Close-coupled motorized cen- 
trifugal unit delivers 5 to 350 gpm at 
30 to 130 ft head, depending upon 
model. Worthington Corp., Standard 
Pump Div., Ampere Sta., E. Orange, 
N. J. (Booths 316, 318) 

Circle 792 on postcard at end of book 


WEB TORQUE-CONTROL UNIT 


Six-page brochure reviews features 
of tension and torque controls for webs 
and filaments. Clutch and brake units 
lend themselves to  tapered-tension 
winding and to programmed torque 
control. Inertia of moving or rotating 
bodies may be controlled by clutch 
and brake units. Brochure also de- 
scribes automatic edgeguiding systems. 
Web Controls Corp., 318 Briarcliffe 
Rd., W. Englewood, N. J. (Booth 1729) 

Circle 793 on postcard at end of book 


VARIABLE-SPEED MOTOR CONTROL 


Varidyne Controlled-Speed Systems is 
an 8-page bulletin on power unit which 
may be applied to existing a-c motor 
drives or supplied with various motors 
for machine control. Power unit con- 
verts 60-cps line frequency to variable 
one from 20 to 100 cycles for control- 
ling speed of one or more induction 
motors up to a total load of 60 hp, 
depending on power unit capacity. 
U. S. Electrical Motors Inc., Box 2058 
Terminal Annex, Los Angeles 54, Calif. 
(Booths 1704, 1706) 

Circle 794 on postcard at end of book 


ELECTRICAL DRIVE CONTROLS 


Eight-page booklet P-75 describes a 
line of standard, special, and custom 
controls used to actuate manufacturer’s 
electric brakes and clutches. Included 
are sections on description, operation, 
dimensions, and selection. Typical wir- 
ing diagram of standard control shown. 


Warner Electric Brake and Clutch Co.. 
Beloit, Wis. (Booths 1004, 1006, 1010) 
Circle 795 on postcard at end of book 


SOLID-STATE SERVO AMPLIFIER 


Specification Sheets KC-68034 and 
68131 enumerate applicable specifica- 
tions for servo amplifiers which come 
in power outputs of 3.5, 6 and 12 watts, 
and were designed specifically for high- 
temperature applications. Sheets also 
show diagrams for wiring, mounting 
and unit outline. Bulova Research and 
Development Laboratories, Inc., 62-10 
Woodside Ave., Woodside 77, N. Y. 
Circle 796 on postcard at end of book 


UNIVERSAL DIGITAL LOGIC MODULE 
Four-page Bulletin TTS-A-6000A de- 


scribes a_ solid-state switching-circuit 
module capable of operation at input 
pulse repetition rates of 5 mc. Design 
incorporated in module permits inter- 
connecting elements and modules to 
form all major building blocks required 
for digital systems. Singly, or in com- 
bination, logic module can be used as 
a NOR gate, flip-flop, binary counter, 
delay flop, or as shift register stage. 
Bulletin illustrates typical applications 
in addition to listing characteristics of 
module. Tele-Dynamics Div. of Ameri- 
can Bosch Arma Corp., 5000 Parkside 
Ave., Philadelphia 31, Pa. 

Circle 797 on postcard at end of book 


VERTICAL MAGNETIC DRIVE 


Product Publication 263 describes 
“Ampli-Speed” drive which is manu- 
factured in five sizes and can provide 
variable speeds over a range from 0 to 
1740 rpm. Units with 3 to 310 hp 
rating have built-in speed control cir- 
cuit which holds pre-set drive speed 
to within + 2 per cent. Drive control 
is solid state. Matches most vertical 
induction motors or is built integrally 
with induction motor. Electric Ma- 
chinery Mfg. Co., Minneapolis 13, 
Minn. 

Circle 798 on postcard at end of book 
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EXTSWJ running time meters register 
from 1/10 second to 99,999 hours 


The new Cramer Type 632 running 
time meters, or time-totalizers, offer 
a simple, accurate means of record- 
ing elapsed time in many industrial 
or laboratory operations. They are 
applied to forecast the need for repair 
or servicing of equipment, to record 
total operating time or down time, 
and to supply time data for check- 
ing the operating performance of any 
circuit, machine, or electrically-pow- 
ered system. Direct current and 400- 
cycle alternating current units, avail- 
able in limited time ranges, fulfill 
the need for monitoring laboratory, 
military and experimental equipment 
where portability is often important. 


Operation 

A Cramer constant-speed motor 
drives a precision drum-type counter 
when power is applied to the motor 
circuit. From the instant the motor 
circuit is closed, elapsed time is 
recorded on the counter, in the total 
ranges and unit counts shown in the 
table below. The high-torque and 
instant start-stop characteristics of 
the motor assure reliable accuracy 
at all counter speeds. Control cir- 
cuits to the motor can be arranged 
to operate the counter during equip- 
ment running time, during idle time, 
or during any specified operational 
phase. 


Features 


TIME RANGES — 9,999.9 seconds to 
99,999 hours (see Table). 


MOTOR RATINGS — 115 or 220v ac, 60, 
50, and 25 cycles. In limited time 
ranges, motors are available for 115v 
400-cycle ac, or for specified voltages 
between 6 and 32v dc. 

RESET — Optionally available, in all 
time ranges. 

piats — Chinese square (illustrated), 
or standard round. 

MIL-SPEC UNITS — available in hermet- 
ically sealed construction, to meet 
applicable specifications of MIL-E- 
5272A. 


TYPE 632 


Also available with 
standard round dial 


TYPE 632 TIME RANGES 


COUNTS 
1/10 sec. 9999.9 sec. 
99999 sec. 
999.99 min. 
9999.9 min. 
99999 min. 
9999.9 hr. 


99999 hr. 


1 sec. 
1/106 min. 
1/10 min. 
1 min. 
1/10 hr. 
1 hr. 


and for 1/100-second accuracy, the Type 691 precision stop clock 


In scientific research, and in many in- 
dustrial and military applications 
requiring extremely precise time total- 
izing, Cramer Type 691 performs the 
same basic function as Type 632 but 
with still greater accuracy and flexibil- 
ity. Total time ranges are either 60 min- 
utes or 60 seconds. The inner scale on 
the dial reads directly in minutes or 
seconds. The outer scale reads either 
seconds or .01 minute for the 60-min- 
ute units, or .01 second for the 60-sec- 
ond unit. Reset is electrical, in 1/10 


second, actuated either remotely or by 
a dial pushbutton. Motors, clutches and 
solenoids are available for all standard 
ac voltages and frequencies, and for 28 
volts dc. One or two load switches 
(SPDT) are optionally available, for 5 
amps at 115 and 230 volts ac or 2 amps 
at 28 volts de. For load-switch oper- 
ation, cams are precision cut to exact 
user specifications. Military units are 
available in hermetically sealed cases, 
to meet vibration, shock and other 
requirements of MIL-E-5272A. 
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TYPE 691 


CRAMER CONTROLS 


CORPORATION 


Box 8, Centerbrook, Connecticut 
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New COMPONENTS 


A staff compilation of the latest developments . . 


. screened for design-in use 


in electrically operated systems . . . complete with all released specifications 
and available application data. Where applicable, Design Engineering Show 
booth numbers are appended. 


MOTORIZED SPEED 
REDUCER 


Model HM differential reducers are 
intended for use with any standard 
“C” flange motor. Flexible coupling 
connects motor to input shaft of plan- 


etary reducer. Ratio range is from 
1.1:1 to 50,000:1 with capacity 0.12 to 
81.5 hp. Output torque range is from 
50 in.-lb to 113,000 in.-lb. Winsmith, 
Inc., Springville, N. Y. (Booth 528) 

Circle 536 on postcard at end of book 


60-CYCLE 

REMOTE-CONTROL SYSTEM 
Positioning system is a closed-loop re- 
mote device designed for industrial 
applications requiring fast response, 
high output torque, and high accuracy. 
Units consist of combined controller- 
amplifier and servo drive. Controller 
converts movement of manual control 
(dial, lever, or pre-set pushbutton) 
into electrical error signal. Amplifier 
discriminates polarity of the signal 
and transmits current proportional to 
error signal to one of two magnetic- 
powder clutches in servo drive, which 
rotates output shaft in commanded 
direction. High loop stability results 
from clutch-current feedback network 
and balanced gear train. Output shaft 


follows movement of manual control 
with accuracies better than 0.25 deg. 
At maximum excitation, servo output 
torque is 250 lb-in. Maximum speed 
reached in 0.020 sec. Lear, Inc., Box 
688, Grand Rapids, Mich. (Booth 339) 
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SELECTIVE-SPEED DRIVES 
AND GEARMOTORS 


Type MGE selective-speed drive unit 
illustrated includes a thyratron exciter 
instead of a magnetic-amplifier ex- 
citer. Unit is available in from 1 to 
15 hp ratings. Compact right-angle 
single-reduction 48-Frame gearmotor 
(not shown) is also offered. Worm 


ey 


gear is silicon bronze, and worm is 
hardened high-grade steel. A _ face- 
type seal with spring back is used on 
high-speed shaft and a lip-type seal 
is used on low-speed shaft. Gearhead 
can be assembled in four different 
positions in relation to motor with 
worm gear always dipping into lubricat- 
ing oil. Century Electric Co., 18th 
and Pine Sts., St. Louis 3, Mo. (Booths 
1537, 1539) 
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MECHANICAL 
VARIABLE-SPEED DRIVES 


Series 400 drives have built-in protec- 
tion. Large input shaft on smaller 
models permits adaptation of pulleys 
and accessories. Mounting pads have 
double-slotted holes. Heat rise de- 


creased up to 40 per cent over ambient 
when compared to manufacturer’s pre- 
vious model. Gasketing and oil seals 
are improved. Oil drain, level and 
filler-breather hole relocation permits 
mounting drive in any position. Con- 
trol lever mounts in four positions. 
Output range, from zero to 1200 rpm 
with 1800 rpm input. Speed settings 
can be changed running or not. Re- 
verse or neutral is available. Stepless 
from zero to maximum, unit provides 
drive with constant torque from 3 to 
450 lb-in. Lever, screw, vernier or re- 
mote controls available and with or 
without fractional horsepower motors 
from ¥@ to 34 hp. Zero-Max Co., 1900 
Lyndale Ave. So., Minneapolis 5, Minn. 
(Booth 1640) 
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PROXIMITY SWITCH SYSTEM 


Switch consists of a sensor and a 
separate transistor amplifier with plug- 
in relay. Sensor detects magnetic ma- 
terial without physical contact and 
feeds electrical output to remotely 
located bi-stable amplifier. The amplli- 
fier operates DPDT relay. Two com- 
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weigh 
measure 
check 
test 


automatically 


Testing processes can be time consuming and are 
subject to human fatigue factors and human error. 

Any process that involves measurement, weight, 
counting, computation or the evaluation of known 
positive factors can be reduced to automatic 
testing. 

North Electric Company has, for years, led the 
field in designing, engineering and manufactur- 
ing such “test” equipment. 

North equipment is performing such varied 
functions as automatic weighing and price com- 
putation in food processing, coin collection and 
axle count at super-highway toll gates, circuit 
and cable testing, automatic sequential produc- 
tion line testing and evaluation, even fault simu- 
lation and check-out on missiles. 

Automatic testing is faster, completely accu- 
rate, can be remotely controlled and frees skilled 
manpower for other work. 

If you have any process that involves testing, 
in the broadest sense of the word, North 
Electric’s system-concept-minded engineers can 
“automate” it. 

North Electric’s engineering team has devel- 
oped, engineered and built over 5,000 system 
complexes, many of which have been in contin- 
uous service for decades. 

To learn exactly what NORTH CAN DO FOR 
YOU—write, wire or phone 


ELECTRONETICS D/VISION 


NORTH ELECTRIC COMPANY (¢ 
655 S. MARKET ST. GALION, OH/O 


60-S-2 
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Airpax engineers design advanced data and process con- 
trol equipment for industrial and military applications. 
The illustration shows a magnetic amplifier Propor- 
tional Logic Network. High gain, highly reliable PREAC 
magnetic amplifiers drive the proportional coincidence 
gates producing, in effect, a two dimensional servo drive. 


Custom design falls naturally into the capabilities of the 
highly skilled group of Airpax engineers. Each a specialist 
in a particular field, the composite effort of the group 
will result in the solution of your most complex problem. 


Ask for the Special Magamp Bulletin. 


AIRPAx 
ELECTRONICS 


< 
° & 
R POR ssi 


SEMINOLE DIVISION . FORT LAUDERDALE FLORIDA 
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ponents of unit may be located up to 
150 ft apart, without use of shielded 
wire. Sensor, 1.63 x 1.63 x 3.75 in., 
has a stainless steel sensing face and 
is completely sealed in metal enclosure. 
Response time, 35 to 50 millisec to 
operate, 50 to 85 millisec to release. 
Amplifier measures 4.5 x 6.94 x 4.25 
in. System has adjustable sensitivity 
range of %6 to 12 in. Centralized 
sensing pole increases latitude of direc- 
tional approach of workpiece to sen- 
sing face. Amplifier can be energized 
from 115 volts, 60 cps, 12 va. Proximity 
switch has applications as limit, inter- 
lock, counter, or indicator. Micro 
Switch Div. of Minneapolis Honeywell 
Regulator Co., Freeport, Ill. (Booths 
1202, 1203) 
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ANGULARLY ADJUSTABLE 
SERVO COUPLING 


Couplings T-9 and T-10 provide preci- 
sion rotational angular adjustment be- 
tween two synchro rotors and other 
mechanisms requiring angular dis- 
placement. Coupling eliminates need 
for rotating synchro in mounting to 
“zero-in” with its companion synchro. 


Desired angular displacement between 
synchros is obtained by rotating one 
synchro rotor in respect to other 
through adjustable coupling. One turn 
of coupling adjusting screw rotates 
one coupled shaft in respect to other 
through 12 deg. Continuous rotational 
adjustment through 360 deg, in either 
direction, possible. Adjustment can 
be locked at any desired setting by 
means of set screw on adjustable side 
of coupling. Overall length of cou- 
pling is 1.862 in. as compared to con- 
ventional bellows coupling length of 
1.500 in. Overall diameter is 5% in. 
PIC Design Corp., 477 Atlantic Ave., 
East Rockaway, L. I., N. Y. (Booth 
1208) 
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LIMIT-SWITCH CONTROLLED 
GEAR MOTOR 


“Gear-O-Matic” motors with adjustable 
limit switches feature an automatic 
safety device which reverses motor 
rotation when predetermined resistant 
force is encountered by driven prod- 
uct. Assemblies include connections 
for remote control. Silver-contact limit 
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DIVISION 


i 
NG COMPA 
heh a 

sere ab a tA . a SCONSIN 


When You See this Nameplate — 
You Know Someone Has Solved a Problem! 


Your problem may be in the field of speed 


. os DYNAMATIC 
control, tension control, power transmission, or 


EDDY-CURRENT 


testing. Dynamatic Eddy-Current Equipment— ss = COUPLINGS 
couplings, brakes, drives, dynamometers — is r 

solving these problems in virtually every indus- 

try, in both plant equipment and end products. 

It can do the same for you. 


Dynamatic units offer the important advantages 

‘ ‘ ° DYNAMATIC 
of rapid response, wide speed range, quiet AJUSTO-SPEDE® AND 
operation, low power loss, low maintenance DYNA-SPEDE® DRIVES 
costs, and stepless adjustable speeds from an 
AC power source. 


And Eaton Dyna-torQ magnetic-friction indus- 
trial clutches and brakes are solving driving ' 
and braking problems in all industries where , DYNA-TOR@ 

: . j oe o MAGNETIC-FRICTION 
accurate start-and-stop control is required. : CLUTCHES, BRAKES, 
Check with the Eaton Dynamatic representative CLUTCH-BRAKES, 


a : . CLUTCH-COUPLINGS 
or distributor in your locality, or— 


Send for Illustrated Descriptive Literature 
Covering Dynamatic Eddy-Current and Dyna-torQ Equipment 


———-_DYNAMATIC DIVISion————— 
EAT we MANUFACTURING COMPANY 
3307 FOURTEENTH AVENUE . KENOSHA, WISCONSIN 
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MODERN 
ELECTRONIC 
ENGINEERING 
GIVES PRECISE 
MOTOR SPEED 
CONTROL 


1/100 — 10H. P. 


Modern industrial electronic en- 
gineering has been coordinated 
with electric motor design to 
provide a versatile means for 
obtaining the full possible ad- 
vantage of speed control in DC 
motors while operated from the 
regular alternating current power 
line. Grid controlled “Thyratron” 
tubes are utilized for power con- 
trolled stepless variation to sup- 
ply motor armature power. 
Patented feedback, or “Servo” 
circuits provide constant torque 
capability over wide speed ranges 
of as high as 60 to 1 in some 
models and a minimum of 20 
to 1 in others. 


VIA DIV. of ELECTRO DEVICES, Inc 


4 Godwin Ave. Paterson. N. J 
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NEW...TYMETER 
DIGITAL CLOCK 


12 and 24 HOUR READ OUT 


* Front panel Mount 
- Desk or Bench Use 


- Digits Resettable 
Individually 


160-12H 


Large 5” easy to read 

digits @ Time is regis- 

tered on 3 drums... . 

minutes, 10 minutes and 

hours @ Rotating visual 

| RPM calibrated sec- 

onds wheel @ Digits re- 

settable individually @ 

Full vision in line read 

out digital display @ Independent front 

panel time reset controls @ Illumination provided by miniature lamp with inde- 
pendent control switch . . . jewel light panel indicator @ Synchro-Synchronization 
seconds wheel control switch @ Movement shock resistant to withstand shock of 2000 
pounds per inch @ Completely enclosed anodized metal dustproof case . . . height 
4'/,", Width 6”, Depth 3!/,” . . . front panel mount . . . desk or bench use @ Avail- 
able in 50 or 60 cycle . . . in all voltages A.C. @ Precision instrument accuracy 
@ UL approved motor and cord @ Weight 3!/2 Ibs. 


Write for Catalog on Complete Line showing Specifications 
PENNWOOD NUMECHRON CO. PITTSBURGH 8, PENNA. 


7249 FRANKSTOWN AVE. FRemont 1-4200 
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switches are operated by travel of 
worm-gear-driven nylon actuator. Ap- 
plications include indexing tables, ma- 
chine tools and remote valves. Capaci- 
tor-start motor ratings are from 1); 
through 1 hp with gear ratios from 
20:1 through 30:1. Franklin Electric 
Co., Inc., 400 E. Spring St., Bluffton, 
Ind. (Booths 1705, 1707) 
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MINIATURE TRANSMISSION 


Transmission utilizing gears of DuPont 
Delrin has a range of 15 speeds, from 
3.3 to 7812 rpm, depending upon cus- 
tomer requirements. Speeds are con- 
trolled by magnetic clutches. More 
than half of the gears used in trans- 
mission are of Delrin; other gears are 
either No. 303 stainless steel or 24 
ST aluminum; all shafts are No. 303 


stainless. At 7812 rpm, transmission 
develops over ¥3 hp. Torque developed 
is over 100 oz-in., depending upon 
speed. Case dimensions, excluding 
power source and control panel, are 
44, x 7144 x 35% in. Input motor is 
reversible. Motor speed is self-gov- 
erned and accurately maintained at 
8500 rpm. Units operate on 115 volts, 
60 cps. Applications for transmission 
are for devices requiring constant and 
precise speeds. Dynamic Gear Co., 
Inc., Dixon Ave., Amityville, N. Y. 
(Booth 1104) 
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VACUUM PUMPS AND 
AIR COMPRESSORS 


Miniature oil-less systems are intended 
for applications on automatic controls, 
instruments, business machines, and 
other equipment. Two basic types are 
offered in five rotary carbon-vane 
models. 

Model 0330 pump is supplied with 
three drives, illustrated at bottom and 
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* eT] 
Unique Electromechanical Interlock 
s u“ * 

Performs Multiple Switching and 

a a * 
Signalling Functions... 
Fail-Sa : e: Retaining pin design with- 

»s. static side force 

ELECTROID’s model AM-1500 represents an entirely new concept in 
solenoid relay design, capable of mechanically retaining extremely high 
loads and simultaneously providing electrical interlock and positioning 
information. Switches can be set precisely to any predetermined oper- 
ating tolerance. Various arrangements of independent interval SPDT 
switches can be operated at both the beginning and end of stroke. 

This feature, by either internal or external electrical connection 
of the switches, can be made to interlock remote mechanical or 
electrical action. Provides high shock and vibration resistance 
(meets MIL-S-7029, MIL-E-5272 and MIL-S-4040 specifications). 
Fail-safe feature for aircraft, missiles and missile launchers. 


Features of the AM-1500 (as illustrated) 


* Retaining pin design withstands 
3,000 Ibs. static side force. 


¢ Positive action overcomes 15 Ibs. 
load @ 12 V.D.C. @ 72° F @ .250 
stroke upon energizing. 


* Internal 10 Ib. spring force repositions 
retaining pin upon deenergizing. 


For special assistance with your particular 
electromagnetic requirements and for complete 
technical data on the AM-1500, write today. 


sf Ped y ¢ pr? | 
A T i °o M 


$ ©@ 8 PB-6@ a 
97 Progress Street, Union, New Jersey 
Tel.: MUrdock 6-8290 
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FOR PRECISE 
400-CYCLE POWER 


Specify Kearfott 
Motor Generator Set Systems 


Kearfott 60-to-400 cycle motor generator 
frequency converters are in active use 
wherever precise 400-cycle power must be 
supplied . . . including laboratories and in 
such other representative applications as 
production testing, high speed tool opera- 
tion and ground support. These generator 
systems, which consist of a 60 cycle syn- 
chronous motor and a 400 cycle generator, 
can be supplied with controls and generator 
as an integral, compact unit—or with con- 
trols and generator separately located. 


PERFORMANCE SPECIFICATIONS 
Frequency: 400 cycles under any rated load condition with 60 cycle input. 


Voltage Regulation: Within +1% of rated voltage when (1) load varies 
between no-load and 125% of rated load, and/or (2) load power 
factor varies between 0.8 lagging and unity, and/or (3) equipment 
temperature varies after approximately 10 minutes’ operation. 


Voltage Recovery: When rated load is suddenly applied or removed, voltage 
will return to and remain within regulating band within 0.25 seconds. 


Voltage Adjustment: Continuously adjustable to +10% of rated value. 
Deviation Factor: Maximum 4% between no load and full load. 
Overload: Equipment delivers 125% of rated load for 2 hours. 


Amplitude Modulation: Maximum 1% of peak-to-peak voltage at any load 
between no load and full load, at any power factor between 0.8 
lagging and unity. 


Frequency Modulation: Maximum 0.5% at any load from no load to 125% 
of rated load. 


KEARFOTT DIVISION 
GENERAL PRECISION INC. 


LITTLE FALLS, NEW JERSEY 


Sales and Engineering Offices: 1500 Main Ave., Clifton, N. J. 
Midwest Office: 23 W. Calendar Ave., La Grange, III. 

South Central Office: 6211 Denton Drive, Dalias, Texas 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 
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top right. Series-wound motor gives 
up to 0.67 cfm running open and up to 
20 in. Hg vacuum or 10 psig. Shaded- 
pole motor delivers 0.35 cfm, 20 in. Hg 
vacuum or 10 psig. Split-phase, belt- 
driven motor produces 0.48 cfm, 20 in. 
Hg or 15 psig. 

Model 0630 offered with 4% or “2 hp 
split-phase motor, delivering 0.6 cfm, 
24 in. Hg vacuum or 25 psig. 

Model 1030 resembles 0630, but has 
1.0 cfm capacity. Gast Mfg. Corp., 
Box 117, Benton Harbor, Mich. (Booth 
925) 
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INFINITE SPEED CONTROL 


Control provides equal changes in 
speed for equal increments of control 
adjustment. Cam control, illustrated 
above major sub-assemblies of trans- 
mission, provides linearity and insures 
accurate setting and holding of speed 
over a range from any desired maxi- 
mum to zero—plus reverse if desired. 
Once set, transmission holds speed with 


change in load. Regulation is compar- 
able to that of induction motor. Trans- 
mission is changeable in speed either 
running or stationary. Drive is a form 
of differential with one input cor- 
responding to motor speed and other 
corresponding to rotative speed of 
planet rollers about their own centers. 
Differential action makes stalling of 
output shaft possible without damage 
to rotating parts. Transmisission may 
be operated continuously at one speed 
setting without fatigue of tractional 
members. Available with or without 
motor and with built-in spur reducers 
having parallel shaft extension or with 
worm reducers with right-angle ex- 
tension. Micrometer, remote mechani- 
cal, electrical or pneumatic controls 
may be specified. Graham Transmis- 
sion, Inc., Menomonee Falls, Wis. 
(Booth 835) 
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TIME INDICATOR 


Electromechanical hours, minutes and 
seconds indicators are available in 4- 
or 5-digit models, designated HTCeZ4E 
and HTCeZ5E, respectively. They in- 
dicate time when pulsed each minute, 
second, % or Yo sec by suitable im- 


pulse transmitter. Models have in- 
stantaneous mechanical toggle zero 
reset. Also available (Type HTCeF) 
with remote electric reset. Typical 
maximum readings: 11 hr, 59 min, 59 
sec (5-digit); 99 min, 59 sec, %o sec 
(5-digit); 99 min, 59 sec (4-digit). 
Four-digit model measures 134 x 114 
x 4%g¢ in. Power requirements, 1.6 watts 
at 24 volts d-c. Landis and Gyr, Inc., 
45 W. 45 St., New York 36, N. Y. 
(Booth 1830) 
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PACKAGED COOLING SYSTEM 


Cooling system for electronic gear 
utilizes fluorinated hydrocarbon fluids 
which act as stable dielectric and heat- 
transfer agents. System dissipates in- 
put of 47 kw with unit weight of 2 lb 
per dissipated kw. System dry weight 
is 74 lb. Active package employs 


centrifugal pump that circulates fluid 
through a liquid-to-air heat-exchanger 
core, then through electronic gear. 
Circulation rates up to 52 gpm. Out- 
put pressure, 100 psi approx. Pressure 
holds fluid in liquid state for maximum 
dielectric strength. Integral super- 
charge pressure control provides op- 
erating range of from —65 to +210 F 
and prevents high pump pressure out- 
put at low temperatures and pump 
cavitation due to fluid vaporization at 
high temperatures. Vickers, Inc., De- 
troit 32, Mich. (Booth 1725) 
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This G-E Glow Lamp... 


in this circuit... 
- SN SCR S| 
ZS “k = SS = 
lets this |.D.E.A. Readout... 





send a message—by the numbers! 


Here’s the model SGS-101 Digital Readout, made by I.D.E.A. Inc., Indianapolis, 
Indiana. The numeric readout is accomplished through the use of cut-out lines 


which, when lighted, give a visual reading of any numeral from “1” through 
“0”. General Electric NE-2E Glow Lamps function as circuit elements in the 
logic matrix, in addition to providing the illumination on the face of the readout. 


Why the G-E NE-2E Was Chosen. The formed-tip construction used on 
the NE-2E provides better end-on brightness than can be obtained with the 
random-tipped NE-2 types. Decreased overall length (34” rather than 144”) also 
makes the lamp appealing for this application. Since the NE-2E is designed 
primarily for indicator rather than circuit component usage, lamps are seasoned 
and selected by I.D.E.A. Inc. before installation in the logic matrix. 

The I.D.E.A. Digital Readout is one example of how a General Electric Glow 
Lamp performs its intended function—and a little bit more. You'll find the same 
flexibility and dependability in the G-E Glow Lamp you choose for your own 
circuitry. For latest glow lamp engineering specifications write: General Electric 
Co., Miniature Lamp Dept. M-013, Nela Park, Cleveland 12, Ohio. Ask for: 
Specification sheet #3-092 ““G-E Glow Lamps for Circuit Coraponent Use’’. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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solutions to 


your special 


timing 


applications... 
HANSEN 


SY WCWRWOK 


TIMING 
MOTORS 


e Versatile Hansen SYNCHRON Timing Motors 
have proved more dependable in meeting im- 
partial test requirements than competing motors. 
Such tests prove that Hansen SYNCHRON mo- 
tors deliver peak operating efficiency continuous- 
ly for as much as 12 years, and longer. 


Each of the 4 Hansen SYNCHRON Timing 
Motors shown here gives this kind of perform- 
ance ... and one could be the solution to your 
timing problem. Some of the wide variety of 
commercial and industrial applications include: 
timing machines; telemetering and transmission 
equipment; cam and valve switches; heating and 
air conditioning recording thermom 
eters; television and equipment; and 
many others. 


devices; 
cameras 


Self-starting and self-lubricating, these Hansen 
SYNCHRON Timing Motors operate efficiently 
in any position. They pull from 8 to 30 in./oz. 
guaranteed torque... at temperatures ranging 
from —40°F to +140°F and at speeds from 0.8 
to 600 r.p.m., 0.8 to 120 r.p.h. ... in clockwise 
or counterclockwise rotation. More than 200 
types of output available. 


HANSEN ENGINEERING 


Your quickest and best solution to special timing 
application problems can be given by someone 
experienced in that field... an area in which 
Hansen engineers have been concentrating for 
more than 50 years. 

For help on specific timing application or design 
problems, make use of the specialized experience 
of Hansen engineers. 


HANSEN REPRESENTATIVES: 


HANSEN 


MANUFACTURING 


COMPANY, INC. 


PRINCETON 


INDIANA 


THE FROMM COMPANY 
5150 W. Madison, Chicago, Iilinois 


H. C. JOHNSON 18S, INC. a 
Rochester, N.Y. * alo, N.Y. * Syracuse, N.Y. ~~. 
Binghamton, N.Y. © Schenectady, N.Y. 


ELECTRIC MOTOR ENGINEERING, INC. 
Los Angeles, Calif, * (WEbster 3-7591) 
Oakland, California 


WINSLOW ELECTRIC CO. 
New York, N.Y. ¢ Chester, Conn. 
Philadelphia, oy * Cleveland, Ohio 
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SOLID-STATE 

D-C AMPLIFIER 

Amplifier DA-10 is designed for use 
over an operating temperature range 
from —5 to +212 F. Amplifier handles 
signals as low as 0 to 10 mv, and as 
high as 250 mv. With maximum gain, 
input signal of +10 mv produces out- 


put signals of +5 volts. Gain control 
adjustment accessible from top of 
case. Unit withstands vibration of 
20 g from 15 to 2000 cps; shock of 
200 g; acceleration of 200 g (each 
axis); meets humidity requirements of 
MIL-E-5272B Procedure III. Applica- 
tions include thermocouple and resis- 
tive transducer output signal amplifica- 
tion. United Electro Dynamics Inc., 200 
Allendale Rd., Pasadena, Calif. 
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STATIC INVERTER 


Inverter weighs less than 5 lb but 
has a voltage regulation accuracy of 
+0.87 per cent and an efficiency of 85 
per cent. Unit converts 28 volts d-c 
to 115 volts a-c at 400 cps. Tempera- 
ture range is —55 to +125 C. Fre- 
quency accuracy of +14 cps has been 
achieved by use of frequency refer- 
ence which also controls phase re- 
lationship. Static inverter has constant 
output over wide range of input volt- 
ages, high short-circuit capability, and 
low harmonic content. Other models 
from 15 va to 5 kva rating can be ob- 
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MAY 1960 


MAN OUT... 


A fascinating project at Martin-Denver and one which offers to the truly creative 
engineer or scientist a personal esteem and professional recognition unequalled in 
today’s opportunities. Please do consider being a part of this or other creative in- 
volvements at Martin-Denver and inquire of N. M. Pagan, Director of Technical and 
Scientific Staffing, (Dept. 7-A), The Martin Company, P. O. Box 179, Denver 1, Colo. 
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Model QM6.3-.32. Miniature Transistorized Regula- 
ted D-C Supply features regulation to +0.05% for 
combined line and load variations. This is one of more 
than 180 miniature component-type power packs 
offered by Sorensen. They inciude, in addition to 
highly regulated d-c supplies, dc-to-ac inverters and 
dc-to-de converters. 


Model Q12-15A. One of the 15 Sorensen Q Series 
high-precision transistorized low-voltage supplies, 
features voltage regulation to +0.05% for combined 
line or load variations. Models for 6, 12, 28 vdc out, 
with power capacities up to approximately 240 watts. 
Similar QR Series features precision regulation with 
wide output voltage adjustment range. Two models: 
0-75vdc at 2 amps max and 0-36vde at 4 amps max. 


Model 2150-5 (Control Section). This is just one of a 
tremendous variety of Sorensen high-voltage d-c sup- 
plies, high-voltage a-c and a-c/d-c testers, and elec- 
trostatic -generators. Models completely cover the 
voltage range from 1000 to 600,000 volts. Power out- 
puts range up to 60 kilowatts. 


& ee eak t € 


3 out of 400 power supplies 


listed in the BIG, NEW SORENSEN “Power Supply Handbook and Catalog” 


32-pages of important specifying data on... 


e Regulated d-c supplies e Frequency changers (variable frequency power sources) 
e High-voltage products —to 600 kv e Miniature transistorized inverters and con- 
verters e Line-voltage regulators. 


More than 400 models are covered... plus important technical selection and 
application data. Write for your copy of the new Sorensen catalog today. Sorensen 
& Company Inc., Richards Avenue, South Norwalk, Connecticut. 0.12 


CONTROLLED 
POWER ire enaerten 
PRODUCTS 


---the widest line lets you make the wisest choice 


A SUBSIDIARY OF RAYTHEON COMPANY 
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tained. Hamilton Standard Electronics, 
Main St.. Broad Brook, Conn. 
Circle 549 on postcard at end of book 


1-F PREAMPLIFIER 


Solid-state preamplifier IF-86 for use 
in missile, space, and telemetry ap- 
plications has a bandwidth of 20 me 
centered at 60 mc and is designed to 
be used with microwave receiver mixers 


having an i-f source impedance of 300 
ohms and 18 picofarads. Noise figure 
better than 4.25 db. Also available at 
other center frequencies and other 
source impedances. LEL, Ine., 380 
Oak St., Copiague. N. Y. 
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RANDOM REMOTE SELECTOR 


Mechanism RS-550 is used for applica- 
tion where it is impossible or imprac- 
tical to employ mechanically inter- 
locked pushbuttons or other simple 
methods for solving remote selection 
problems. Homing selector will handle 
maximum of twelve stations or selec- 


tions per unit and is electrically oper- 
ated from grouping of switches, usually 
pushbuttons, with one switch for each 
selection. When any switch is actuated, 
selector steps to and homes on proper 
contact on rotary wafer switch, making 
desired circuit, and remaining in that 
position until the RS-550 is again ac- 
tuated. Speed, approx 100 steps/sec at 
115 volts a-c. Can be supplied for op- 
eration on various a-c and d-c voltages. 
Warco Industries, 6625 Delmar Blvd., 
St. Louis 30, Mo. 
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with easy-to-use EAGLE 
CYCL-FLEX reset timers 


A highly accurate and dependable easy-to-use timer, de- 
signed for mounting in control panels. Sealed dial protects 
timer when exposed to oil and dust conditions. Timer 
switches control four load circuits. Interlocking contacts 
are provided without the use of auxiliary relays. Synchronous 


motor drive insures accurate timing. 


WRITE for descriptive Bulletin 120. Address Dept. 
EM-560. 


EAGLE HAS 24 TYPES TIME-COUNT CONTROLS 


in 


Multi-Circuit 
Timers 


Dial Timers and Cam Timers 


Counters 


Step Switch 


s'Own 
a’ 


“SIGNAL COMPANY 


’ 


* MOLINE, ILLINOIS 


oe 
”~ 
weer 


REPRESENTATIVES IN PRINCIPAL CITIES 
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From the home of Planned HPinering 





Portable Null-Balance Recorder 
with SELF CONTAINED POWER 


THE A 


Model 453 available at 


modest extra cost 


1 


hannel recordin 





century 


ELECTRONICS & INSTRUMENTS, INC. 


The Home of Planned Pioneering 


TWX-TU 1407 


P. O. Box 6216, Pine Station, 


Phone 


711) 


LUther 4-711] 
Tulsa 10, Oklahoma 





BOSBBEEEEEE EES 





120 foot paper length — 200 hours recording 
time. 


Powered by standard “D” cells. 
Fully transistorized — Completely modular 
construction 


100 millivolt full scale sensitivity 

Accuracy — better than 12% full scale. 

Tested for operation in rugged environments. 

Enclosed paper take-up spool. 

Available with many accessories; 

— Plug-in pre-amplifier for 10 mv. full scale 
sensitivity. 

— Transducer assemblies for conversion uses. 

— Rechargeable batteries module. 

Field applications: Humidity, Temperature, 

Vibration, Acceleration, etc., recording. 


Serviced by Systems Engineering Offices of Girsupply- Aero Engineering Division of the Garrett Corporation 


Offices in All Principal Cities « «+ e 


Manufacturers of light beam galvanometers and magnetic assemblies since 1945S. 
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e State of the Art 
Review 


ARNOLD E. RUDAHL 


Associate Editor 


Data and 


New Techniques and New 
Tasks. In any discussion of major 
engineering advances in recent periods, 
it is found repeatedly that the refer- 
ences to basic developments are in 
terms of measurement methods and 
devices. 

One outstanding example of a basic- 
ally new measurement technique which 
has had engineering development con- 
sequences otherwise impossible is the 
measurement use of the maser. The gas 
maser, as a time-measuring means, 
made feasible the establishment of time 
standards of a new order of precision, 
necessary for really significant and use- 
ful space-satellite information acquisi- 
tion. For data telemetering systems, the 
inherent low-noise characteristics of the 
solid-state maser and the parametric 
amplifier have been vital. 

Active discussions of shortcomings, 
the questioning of established but pos- 
sibly outworn concepts, and demands 
for methods for more accurate, con- 
venient and meaningful measurement 
are characteristic of fields which are 
active and growing, and they are found 
abundantly in all sectors of test and 
measurement engineering. In advanced 
space projects an immediate need exists 
for practical direct means for measur- 
ing one-millionth of an inch and, in 
general, better organization of our 
standards and calibration procedures 
and facilities for industry. The survey 


MAY 1960 


Test and 


Measurement 


e How to Make Basic D-C Measurements 


e Plus: Selected Design Trends, New Literature, and New 


Laboratory and Engineering Equipment 


conducted by the Sperry Gyroscope 
Company for the Aerospace Industries 
Association, the Air Force, and the 
Bureau of Standards stressed the need 
for expanded calibration services, better 
education and communication in engi- 
neering standards and measurement 
technology. One of the major points 
made in the AIA report deserves em- 
phasizing, as it effectively states the 
new character of the test and measure- 
ment field. This is the shift from con- 
centration on mechanical dimension to 
the complex and relatively unresolved 
questions of measurement of electrical 
and other dynamic quantities, for which 
standards, definitions and methods of 
measurement are far from uniform or 
adequately developed. 

The degree to which advanced design 
and investigation depend upon meas- 
urement can hardly be exaggerated. 
The Director of NBS, Dr. A. V. Astin, 
feels that the lack of appreciation of 
this situation is so serious as to warrant 
a concerted drive by industry, profes- 
sional societies and government agen- 
cies to give measurement, standardiza- 
tion and calibration engineering much 
greater recognition and status as essen- 
tial activity. 

Measurement methods and equipment 
are vital to development and design 
and constitute highly sensitive areas in 
our technology. This is indicated by the 
active and healthy clamor for more ac- 


Discipline for Design Engineering 


curacy, more convenience, more rapid 
conversion of new areas of physical 
research into techniques for test and 
measurement. The National Inventors 
Council calls for a timer to measure 
time intervals to within 0.01 microsec, 
means of measuring temperature at 
20,000 K, and a transducer to operate 
in an ambient of 3500 F and to with- 
stand 50 g and still produce an accu- 
rate signal. We have gone to the use of 
atomic clocks because the former prac- 
tice of measuring time in terms of 
earth rotation has become hopelessly 
inadequate; similarly, the basis of 
linear dimension has been shifted to 
light wavelength rather than a platinum- 
iridium bar. Solid reference founda- 
tions for the basic units—time, dimen- 
sion, temperature, force—are doubly 
essential; they are in themselves preva- 
lent in all physics and design, and all 
other quantities such as work and 
electrical units are derived from them. 

A consequence of the demand for 
greater precision in measurement, to 
the extent of coming near the ultimate 
capacity and power of our physical re- 
search methods and equipment, is the 
emergence of a tendency to scrutinize 
more closely the demands made on test 
and measurement. At one time, it was 
all very well to use a rule of thumb, 
such as “the gage should be ten times 
as accurate as the tool,” and to play it 
safe by calling for all kinds of “com- 
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plete” testing. But with increasing difh- 
culty and cost of measurement of the 
degrees of accuracy now commonplace, 
selection and more careful definition of 
testing is necessary. During the ISA 
Flight Test Symposium, for instance, 
the basic theme was the systems ap- 
proach to flight instrumentation—that 
is, considering data acquisition as a 
continuous whole, from initial input 
to the final system, to be fed to the 
processing computer. A strong point 
that was made, a consequence of this 
overall data conception, was that air- 


craft and missile testers had tended to 
collect too much mass data. This non- 
selective data collection is not only ex- 
pensive, but operates to the detriment 
of the quality of the data. 

The quality and standards of depend- 
ability of test and measurement data 
must be upgraded by more discriminate 


testing and data gathering. R. A. Hawk- 


ins of AVCO’s Research and Advanced 
Development Division has commented: 
“Reliability is the biggest single ob- 
stacle to successful long-range missiles 
and space vehicles. It will not be ob- 


Test and Measurement for Product Reliability 


Core Testing. Some years ago, 
Westinghouse, in the production of 
magnetic amplifiers, was troubled 
with high reject ratios due to per- 
formance and matching of cores used 
in the reactors of the magnetic 
amplifiers. The test methods avail- 
able for testing the cores did not 
approach the magnetic flux condi- 
tions in the core during actual 
operation of the amplifier. The Rob- 
erts tester was then developed, which 
is in effect a constant-current, flux- 
reset type of test in which the core 
is actually magnetized under the 
same conditions as in a self-satura- 
ting half-wave magnetic amplifier, 
and the parameters read that deter- 
mined the characteristics of the core 
under these conditions. The AIEE 
has recognized this constant-current, 
flux-reset test as a desirable method, 
the EIA has adopted it as the pre- 
ferred method of test and has tenta- 
tively proposed standards for grad- 
ing and matching cores. The present 
tester* installed at the Westinghouse 
specialty transformer department, 
Greenville, Pa., was designed to test 
nickel-iron, Hipernik V and Hiper- 
nom cores. 


Electronics for Dimensional Gag- 
ing. There are several possible sys- 
tems which may be used to obtain 
part dimensions automatically; in 
fact, any reliable displacement trans- 
ducer will do the job. An RCA sys- 
tem, using an electrostatic gaging 
principle, is said to have the advan- 
tages of freedom from the influence 
of external magnetic fields or mag- 
netized objects and also has an 
extremely high voltage output, elimi- 
nating the need for multi-stage am- 


* Available from Magnetic Metals, Inc., 
Camden 1, N.J.—Editor 


plifiers. The system utilizes modular 
construction, including gage heads 
and standardized electronic units 
each having a single simple function. 
Other tests can be performed—for 
example, a hardness test can be 
made by using the gage to measure 
penetration under standard load. 
According to I. C. Maust, manager 
of RCA Industrial and Machine 
Tool Operations, today’s trend is 
toward ever-diminishing tolerances 
and a steadily increasing number of 
critical relationships between the 
surfaces of a part or mechanism. 
This trend is stimulating the growth 
of electronic methods of measuring 
dimensions and interpreting the re- 
sults of such measurement, because 
these have greater accuracy and 
flexibility than other gaging methods. 


Electronic, Sonic and Magnetic 
Test Methods. Currently there has 
been an increasing need for inte- 
grated test systems, modular design 
of equipment, and basic control of 
materials early in manufacture. By 
test systems we refer to the combi- 
nation of a test installation with 
other manufacturing processes such 
as grinding, forming, etc. Such inte- 
gration permits feed-back inform- 
ation for continuous control of an 
entire process. Modular design of a 
specific piece of test equipment en- 
ables a standard unit to be specially 
equipped without major redesigning. 
Examples are the Elastomat for 
measuring elastic properties of met- 
als at elevated temperatures, the 
Sonizon for measuring wall thickness 
ultrasonically from one side, and the 
Magnatest for precision measure- 
ment of magnetic fields —William E. 
Durack, Magnaflux Corporation, 
Chicago. 


tained by flight testing; massive evalua- 
tion programs executed on the ground 
will be required. A change of pace that 
will de-emphasize the glittering con- 
cept in favor of the detailed engineer- 
ing is sure to have a salutary effect 
on the environmental equipment in- 
dustry.” (1)* 

Criticism and questioning of estab- 
lished standards and evaluation pro- 
cedures are not limited to newer com- 
ponents, materials and processes; long- 
established conventional tests and 
specifications are showing weaknesses 
in the face of technical advances and 
demands. A maker of magnet wire ad- 
vanced a strong argument that the 
existing methods of establishing the 
relative life of enameled wire as a 
functon of thermal stability was open 
to serious question in the face of 
latter-day materials developments, more 
rigorous application requirements, and 
need for dependable prediction of life 
of equipment. It was contended that 
magnet-wire evaluation should take into 
account many factors, including com- 
patibility of enamels with other sub- 
stances, thermoplastic flow properties, 
heat-shock characteristics, and various 
mechanical characteristics. 

The increasing necessity of making 
design engineering stronger and more 
purposeful is resulting in progress 
along two general paths: (1) increased 
development of analytical design meth- 
ods and training in their use, and (2) 
the reduction of routine and repetitive 
tasks for the designer. The latter, of 
course, not only frees the engineer for 
creative activity, but makes possible 
much higher degrees of optimization 
in design; as long as numerous varia- 
tions of a basic design had to be actu- 
ally built or even arduously calculated, 
the number of versions contemplated 
and evaluated were limited by time and 
economics. High-speed computer and 
data-processing advances make their 
major contribution to design engineer- 
ing by absorbing the routine tasks and 
permitting rapid scanning of numbers 
of alternative complete designs and 
combinations of elements. This all re- 
sults in heavier demands on test and 
measurement. Rapid and significant 
methods of evaluation of materials, 
components, equipment and systems 
have become an absolute requirement 
for the more powerful design methods 
to materialize, since these methods de- 
pend upon data expressed in unequi- 
vocal quantitative form. 

The entire spectrum of physical 
phenomena is being explored for new 
techniques for test and evaluation. 
Low-temperature behavior of materials 
—bismuth, for instance—and develop- 
ment of Hall-effect devices have made 


* Italic numerals in parentheses refer to Cited Re- 
ferences at end of article. 
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new approaches to magnetic and elec- 
trical quantity measurement possible. 
The availability (from nuclear reac- 
tors) of radioisotopes having the neces- 
sary characteristics has opened entire 
vistas of new convenience and flexibility 
in laboratory and industrial measuring 
and testing of film thickness, liquid 
flow, metal processing, tracing of flow 
and sequence, density, porosity and 
flaws. (2) Acoustic phenomena are re- 
ceiving widespread attention for testing 
purposes, especially in ultrasonic 
ranges. Time of propagation of pulses 
is used for liquid level and similar 
measurement; liquid flow and viscosity, 
mechanical properties of solid materi- 
als and their relative composition, and 
previously impossible measurements of 
elastic properties of materials are 
among the demonstrated and practical 
fields of application of ultrasonic gen- 
erators and transducers for measure- 
ment. A recent revelation that various 
semiconductor devices exhibit trans- 
ducer properties at very high frequen- 
cies is a hint to further possibilities in 
sonic test and measurement methods. 

A technique referred to as “acous- 
toelasticity” has been found to offer 
tangible advantages over the well- 
known photoelastic methods for ana- 
lyzing stresses in machine and struc- 
ture parts. The optical properties of 
thin films have shown promise for 
many physical measurements, offering 
reliability and simplicity advantages 
over electronic and magnetic methods. 
Because of refinements in photographic 
equipment, lenses and film materials, 
a technique long known and used for 
aerial mapping and geodetic survey 
now appears to be applicable to many 
laboratory and engineering measure- 
ment purposes—that is, stereo photog- 
raphy or “photogrammetry”. Precision 
cameras (in combination with suitable 
orientation and plotting equipment) 
are used, for instance, for convenient 
and accurate determination of location, 
path and attitudes of moving objects, 
including aircraft and missiles. Simi- 
larly, high-speed motion-picture equip- 
ment and techniques, long familiar for 
the simple observation and study of 
physical phenomena, now have been 
extended to measurement hy using 
time and dimension calibration and 
correlation on the film. The develop- 
ment of low-cost and, particularly, of 
simple infrared spectrophotometers has 
made possible the extension of tech- 
niques, normally found only in the con- 
trolled and well-equipped conditions of 
the chemical laboratory, to engineering 
testing and identification of materials 
in electrical and mechanical! compon- 
ents. 

Definitely new as an urgent and real 
area for test and measurement develop- 
ment (although not new as an abstract 
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or philosophical concept) is that of 
gaging aspects of human behavior and 
reaction under numerous abnormal en- 
vironmental conditions, both physical 
and psychic. One specific study of some 
of these factors and the attendant in- 
strumentation problems was undertaken 
at the Human Factors Laboratory of 
the Lockheed Aircraft Company. The 
nature of this investigation problem 
imposed reliability, repeatability and 
maintenance requirements for the in- 
strumentation which make the conclu- 
sions reached about such factors of 
great gignificance to all who are con- 
cerned with test and measurement en- 
gineering. (3) 

Paralleling the growing role of test 
and measurement in design engineering 
and rapid development of more accur- 
ate, convenient and usable methods and 
equipment has been an increasing at- 
tention to the philosophy of testing and 
its organization on a rational and pur- 
poseful level. The use, where applicable, 
of models in test rather than full-scale 
systems and equipment, and the re- 
lated techniques of analog simulation 
particularly are well suited to deriving 
and flexibly employing data for com- 
puter processing. Emphasis is being 
placed on the scientific organization of 
test programs, including the all-import- 
ant engineering decisions on the quan- 
tities to be tested and the forms of data 
to be derived, on the designing and 
directing of test programs with a view 
to useful and significant interpretation 
of results, and specific planning of the 
acquisition and organization of test 
data for greatest usefulness and effi- 
ciency. These functions may require a 
high order of engineering competence 
in many fields, including mathematics, 
statistical analysis, and administration 
in addition to familiarity with the par- 
ticular fields of design and measure- 
ment involved. 


Measurement Aids for Design. 
As system and equipment design de- 
velops new horizons, it makes increasing 
demands for greater precision, flexibil- 
ity and reliability in test design for 
data and of performance. In a recent 
guidance-system project, for instance, 
it was-found that for a movable elevat- 
ing antenna platform weighing several 
tons it was absolutely necessary, in 
order to stay within system accuracy 
requirements, that the deflection of the 
platform be reliably and dynamically 
measurable to within a few seconds 
of arc from the horizontal—a typical 
problem in which measurement require- 
ments made it necessary to divert the 
project into measurement technique 
and equipment development. The an- 
swer found was in the use of optical 
principles, which effectively gave the 
necessary precision and dependability 
of test. For an investigation of magne- 


Offering an accuracy of 0.05 per cent of 
indicated value, a new completely pack- 
aged calibration console by Weston In- 
struments Division of Daystrom, Inc., is 
designed for calibrating both a-c and d-c 
instruments rapidly. The console is capa- 
ble of calibration over ranges from 0-1500 
volts and 0-50 amp (a-c), and 0-750 volts, 
150 millivolts, 1.5 to 30 ma and microamp 
with full stepping capabilities, and 0-30 
amp d-c. ; 


tostriction effects in transformer lami- 
nations, the Allis-Chalmers Manufac- 
turing Company found it necessary to 
originate methods and equipment for 
the measurement of transformer-core 
sheet thickness changes in the order 
of 1/100,000,000 in. per in.; the basic 
approach was by the use of a capaci- 
tive micrometer oscillator. 

Concentration of development effort 
can work wonders, sometimes accomp- 
lishing what might seem, at first sight, 
impossible. For a production-model 
analog computer, for instance, it was 
found that the coefficient-determining 
and feedback-element resistors in each 
operational amplifier should have the 
accuracy and low-drift qualities of oil 
immersed primary standards, which of 
course would be impractical for such 
in-circuit application. Techniques were 
developed for a resistor design which 
was relatively low-cost and encapsulated 
so as to be usable in actual circuit as- 
semblies, and which exhibited stability 
and precision approaching those of 
primary standard units, and far greater 
than any of the previously available 
resistors on the market. (4) In England, 
the peculiar problem of measuring rms 
voltages at frequencies in the order 
of 1 and 2 cps was encountered in 
reactor control-rod drive systems. Here 
again, measurement engineers reverted 
to fundamental principles to develop a 
voltmeter responsive to rms voltages 
down to zero frequency. 

The trends in actual measurement 
equipment are unmistakable, and the 
reasons for them are rational. Because 
of the advent of mechanized data pro- 
cessing, with its entirely new order of 
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rapidity and capacity for handling in- 
formation and complete analyses, in- 
struments and test methods are becom- 
ing far more rapid in operation and 
still exhibiting greater accuracy and 
stability. The tendency is for increased 
use, in instruments, of semiconductor 
and static devices, automatic plotting 
of data, automatic sensing and ranging 
of instruments, and digital output. Sim- 
plicity of operation of instruments and 
their design for incorporation in sys- 
tems as in-line functional elements are 
becoming prevalent. 

Standards and Units. In a recent 
special report issued by the Bureau of 
Standards, the remarkable upsurge of 
recognition of the importance of test 
and measurement was evaluated. Stand- 
ards and calibration activity by private 
industry and the military services has 
registered a _ significant increase in 
recent months and is rapidly gaining 
in momentum. Led by “space-age” in- 
dustries, but strongly seconded by other 
fields such as computers, microwave 
components and solid-state electronics, 
the expansion of activity has taken the 
form of: (1) surveys by industry and 
the military of present and anticipated 
calibration requirements and measure- 
ment problems; (2) considerable 
growth in size and numbers of stand- 
ards laboratories within private indus- 
try; and (3) the planning and partial 
establishment by the military services 
of more extensive systems of standards 
laboratories at various echelons be- 
tween the NBS and the weapons, radar, 
communications and transport systems 
at the point of use. The report pointed 
to the number of studies and surveys 
being carried on in the field now and 
recently, among both military agencies 
and segments of industry, and to 
numerous concrete results of the recog- 
nition of the critical role of standards 
and units, such as major expansions of 
laboratories and calibration facilities 
in government agencies and industry. 
A section of the NBS report is devoted 
to the all-important and problem-laden 
field of units and measurement in radio 
and electronics, and also in atomic- 
energy materials standards and meas- 
urements. (5) 

The obvious desirability and en- 
hanced efficiency in having military and 
government agencies employ industrial 
standards has recently been stressed 
and positive steps taken to promote the 
policy. At the 10th National Conference 
on Standards, General Medaris, speak- 
ing for the Department of Defense, 
outlined a “dynamic standardization 
program” largely aimed at the general 
objective of increased use of industrial 
standards by the military. Such adop- 
tion and use is not, however, a simple 
matter of policv; some of the difficul- 
ties and recommended action have been 
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cited by L. D. Price, Manager of the 
Engineering and Safety Regulations 
Department of NEMA. (6) 

Because of the signal success of an 
earlier conference in 1958, and the ac- 
celerated interest in and importance 
of measurement and standards, another 
Conference on Standards and Elec- 
tronic Measurements is scheduled for 
June 1960. This will be held at the 
NBS Laboratories at Boulder, Colorado, 
and will be co-sponsored by IRE, ATEE 
and NBS. Anyone having questions re- 
lating to this conference is advised to 
address them to: James F. Brockman, 
National Bureau of Standards, Boulder, 
Colorado. 

During 1959 there was published a 
“Report on the Revision of the AIEE 
Standards Manual” which should be 
eminently useful to engineers who may 
become involved in increasing test and 
measurement activity. In this report, 
a summary is presented of the nature 
of AIEE and ASA standardizing pro- 
cedures, the status of various society 
standards publications, and the se- 
quence followed in standards accept- 
ance, approval and publication. (7) 
The year also saw the publication of 


Trends in Instruments 


Sensitivity, Digital Readout, 
Sampling Oscilloscope. Among the 
many significant recent developments 
in electronic test instrumentation 
have been: (1) photoconductive 
modulators to measure a microvolt 
or so of d-c voltage by converting it 
to a-c, permitting sensitive micro- 
voltmeters with high impedance in- 
put and freedom from local field 
interference; (2) the development 
of the clip-on concept for the meas- 
urement of d-c components of cur- 
rent in a conductor by sensing the 
magnetic field; (3) “sampling” 
oscilloscopes for the display of ex- 
tremely fast repetitive pulses; and 
(4) in microwaves, the development 
of broad-band accurate attenuators, 


couplers with improved directivity 


and precision broad-band slotted 
lines for waveguide measurements. 
In the immediate future, trends will 
be toward more digital readouts on 
instruments, more instruments which 
operate automatically such as auto- 
matic - ranging voltmeters and 
bridges, greater emphasis on the 
concept of designing instruments 
which will fit into systems of instru- 
ments with convenience, and a 
rapid increase in the use of semi- 
conductor devices in instruments.— 
John Cage, director of develop- 
ment, Hewlett-Packard Company. 


Ultra-high Resistance, Calibra- 
tors, Reliability. In the nuclear re- 
search field, exact figures are being 
used in measuring resistance in the 





the first edition of the Nondestructive 
Testing Handbook by the Society for 
Nondestructive Testing. This is a two- 
volume, 1850-page handbook represemt- 
ing many years of inquiry and investi- 
gation by the Society committees. (8) 

Although it is a repeated and peri- 
odic phenomenon, possibly recent flur- 
ries of pleas for our adoption of the 
metric system are more widespread and 
persistent than usual. The standard 
“pros” and “cons” have been advanced, 
the latter exhibiting more positiveness 
than they have in the past by pointing 
out that there is actually nothing 
“natural” about the metric system, and 
that engineering decimal treatment of 
the inch is completely established and 
represented in a staggering investment 
in tools, gages and instruments, and 
that it is just as rational as the decimal 
treatment of anything else. The differ- 
ences (though slight) between the 
pound and yard standards among Eng- 
lish-speaking nations were ended last 
July, when new and uniform defini- 
tions of these units were adopted by 
the United States, Britain and Canada. 
Our Bureau of Standards reported that 
its low-temperature measurement and 


megohm range, rather 
than the specification, ‘must be 
greater than...’ There is demand 
among users of electrical and elec- 
tronic meters for a-c/d-c calibrators 
that are easy to use, economical and 
reliable. Reliability of test and meas- 
urement instruments is in great de- 
mand, due to the dependence on the 
instruments themselves and less re- 
liance on human supervision; auto- 
mation and mechanical assembly 
techniques are largely responsible 
for this trend—Lawrence C. Oakley, 
vice president, Mid-Eastern Elec- 
tronics, Inc., Springfield, N. J. 


ultra-high 


Capacitor Absolute Standard, 
Transformer Ratio-Arm Bridges. To 
meet the need for a suitable absolute 
standard for reference, Wayne Kerr 
Corporation, Philadelphia, has de- 
veloped an absolute standard of low 
capacitance. Such an absolute stand- 
ard obviates the use of substitution 
methods of measurement against 
calibrated sub - standards, avoiding 
the risk of unknown variations oc- 
curring after calibration. Absolute 
standards have previously been of 
little practical use because imped- 
ances of the magnitude of the new 
standard, 10 pf, could not be meas- 
ured precisely with conventional 
bridges. With the extension of the 
three-terminal transformer ratio-arm 
bridge, developed and perfected by 
Wayne Kerr, impedances of this 
magnitude and accuracy can now be 
measured. 
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calibration program is being expanded, 
with the purposes of increasing the pre- 
cision of temperature measurement and 
calibration down to 2 deg Kelvin; ap- 
parently there is now no international 
agreement on the temperature scale 
below 90 deg K. Also, the Bureau, in 
cooperation with industry and military 
agencies, has launched a program to 
establish low-frequency standards, 
especially for capacitance and induct- 
ance measurements. Measurement of 
sound and noise-level will be simpler 
and less ambiguous through the estab- 
lishment of a standard geometric series 
of acoutical test frequencies, an- 
nounced recently by ASA. (9) 

Environmental Testing. W ith 
present-day engineering objectives and 
activity areas, environmental testing 
and related measurement are fields of 
volatile change and demands for higher- 
performance targets. J. T. Townsend 
of the National Academy of Sciences 
has stated: “We have not yet ade- 
quately recognized environment as a 
discipline, a subject capable of sys- 
tematic treatment. Before the engineer 
can ask for data on environmental 
stresses it is necessary that the para- 
meters causing these stresses be firmly 
established and agreement reached on 
them. New mission requirements and 
demands for higher performance with 
their resultant complexity are causing 
design engineers in components work 
to think in terms of failure rates of 
0.001 per cent per 1000 hr. Our present 
figures are on the order of 0.2 to 10 
per cent per 100 hr.” (10) In the same 
quoted reference R. H. Brown of Ten- 
ney Engineering added: “The increas- 
ing need for environmental testing 
facilities that will simulate conditions 
in space poses engineering problems 
for which there is no previous back- 
ground of knowledge or engineering 
experience. Test equipment to simulate 
space environments at altitudes above 
150-200 miles is needed.” 

In response to new demands for 
ways and means of environmental test- 
ing, new equipment design and _per- 
formance targets are being set and 
made practical, and entire new facili- 
ties established. The American Re- 
search Corp., Farmington, Conn., for 
example, successfully constructed a 
one-piece combination temperature-hu- 
midity-altitude chamber having. a free 
test space measuring 10 by 10 ft and 
24 ft long, a temperature range of 
from —100 F to +350 F, and capable 
of simulating altitudes up to 150,000 
ft. At Phoenix, the Garrett Corp. 
AiResearch Division has completed an 
installation of 75 concrete-reinforced 
test cells with automatic data-logging 
and specialized instrumentation and 
staff—all for the single purpose of test- 
ing aircraft systems and components; 
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the size and scope of the test facility 
may be surmised from the fact that it 
ranges over 10 acres of space. (11) 

A gf wing problem common to “re- 
liability’ and “environmental” engi- 
neering was outlined and emphasized 
recently by Harold Jones, president of 
the Institute of Environmental Sci- 
ences: “The first major effort in en- 
vironmental science was during World 
War II, tied directly to the reliability 
of equipment under severe environ- 
mental conditions. Reliability, on the 
other hand, did not come into its own 
until the missile age. Reliability is a 
major problem in complex systems, but 
environmental conditions are closely 
linked with reliability problems. And 
yet, the fields of environmental science 
and reliability engineering seem to 
stand apart. It is my personal feeling 
that [our Society] should strive to bring 
about a much stronger bond between 
reliability engineering and _ environ- 
mental engineering.” (12) 

Automatic Testing. For complete 
systems and equipment, and especially 
for components, there is an accelerat- 
ing trend toward automatic testing. In 
general, automatic testing involves 
heavy investment in development and 
equipment costs, but is found to be 
more than justified in terms of uni- 
formity, precision and reliability. In 
the Texas Instruments “FAST” testing 
device for transistors, a system of mov- 
ing blocks carries the units to be tested 
from one test station to the next, and 
each block is provided with a set of 
pins which are set automatically dur- 
ing the sequence of tests to indicate 
the test history of that particular tran- 
sistor up to final acceptance or rejec- 
tion. The system will test and sort 60 
transistors per min. (13) 

Of particular interest to control-sys- 
tem and test-equipment designers is an 
entirely new concept of in-process, con- 
tinuous quality-control testing of chemi- 
cal composition, physical properties, or 
other parameters, in which virtually all 
known physical phenomena are em- 
ployed, including optics, magnetic ef- 
fects, sonic and ultrasonic measure- 
ment, thermal and infrared systems. 
In discussing computer-optimizing of 
continuous testing processes, J. M. 
Madigan of the B. F. Goodrich Chemi- 
cal Co. commented: “Another potential 
application is in the actual quality 
checking of manufactured items. After 
all, procedures are developed for a 
computer to test itself. Why not have 
computers test our automobiles, air- 
planes or television receivers? After 
being quick-connected to a unit, the 
computer could proceed through the 
best test and adjustment procedure 
that could be set up; signals would be 
sent into the sets and results measured 
and compared with the ideal.” 


A high-performance, 100-mile altitude 
simulator with large volume capacity 
featuring fast vacuum pumping to ulti. 
mate altitudes with provisions for temper- 
ature and humidity control accessories, 
developed by Scientific Engineering Lab- 
oratories, Inc., of Berkeley, Calif. The 
modular design is expandable, permitting 
future add-on size and pumping capacity. 


In the Stromberg-Carlson Automatic 
Test Equipment system (“SCATE”), 
a flexible variety of perforated-tape 
reading directors, measurement selec- 
tors, digitizers, computer and fault logic 
sections, and readout devices are de- 
signed for modular combination to per- 
form a wide range of automatic test 
functions for missile, aircraft and 
ground electronic systems and com- 
ponents. Oo0O°0 
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How to Make 
Basic D-G Measurements 


Any electrical or electronic standards laboratory must be based 


on its ability to make d-c measurements to a high degree of 


accuracy — with deviations called out in parts per million. 


Starting with a description of the standard resistor and the 


standard cell, this guidebook-type article shows in detail how 


direct-reading and universal-ratio sets can be calibrated by 


> 


“bootstrap 


methods, also how two standard types of instru- 


ment potentiometers can be calibrated using the standard cell 


and a universal ratio set. 


JAMES B. KELLEY 

Technical Director 

Puysics Researcu Lasorartonies, Inc. 
Hempstead, New York 


AT ONE TIME the precision electrical standards laboratory 
was an oddity in an industrial organization, and even 
worse, was not even a good measurements laboratory. 
We refer to the type of precision electrical measurements 
needed to calibrate and check basic laboratory standards 
from which working laboratory instruments can in turn 
be calibrated. First the basic standards must themselves 
be calibrated in a manner followed by the National 
Bureau of Standards and similar government laboratories 
abroad. Because of the increasing volume of the work, 
these laboratories prefer not to perform routine checks 
and calibrations; hence the in-plant standards labora- 
tory has now become a necessity. 

What are the requirements—in terms of personnel, 
instruments and techniques—for setting up an electrical 
standards laboratory? To an extent, fine measurements 
are an art as well as a science. The science lies in’the 
design of the instruments, the art in their application. 
Laboratory technicians must be trained not only in the 
use but in the care and calibration of standards equip- 
ment. Details and information of a most searching nature 
are required. The perfection of both the art and tech- 
nique of making good measurements requires time and 


patience. The perfect technician for the standards labo- 
ratory might well be the man who is never completely 
satisfied with any standard, any measurement procedure, 
or any result. But since time as well as perfection is 
an important factor, he must obtain the best results 
possible in the least amount of time, while remembering 
that there are always limitations both on him and on his 
equipment. 

The basic electrical standards laboratory depends pri- 
marily on two standards: the standard resistor and the 
standard cell. All instruments concerned principally with 
the measurement of resistance must begin with the stand- 
ard resistor. Such instruments are Wheatstone and Kelvin 


Fig. 1 — Left to right, Thomas, NBS and Reichsanstalt-type re- 
sistors. Connections to the measuring circuits are made through 
mercury cups and hook-type terminals. (Leeds & Northrup 
Company, Philadelphia.) 
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bridges, ratio sets, voltage dividers, and precision shunt 
boxes. The instruments which measure voltage and cur- 
rent, such as potentiometers, require not only standard 
resistors but also standard cells. 


The Standard Resistor 


Because a standards laboratory must be built around 
its standard resistors, these will be discussed first. Then 
it will be shown how the standard resistors can be used 
in a “bootstrap” operation to make it possible for all other 
instruments to be calibrated. This is a rather interesting 
development and one which must be credited primarily to 
the National Bureau of Standards in Washington, where 
many of the techniques discussed here were developed and 
perfected. 

It is not the intent here to go into the fine points of 
resistor construction [handled very well in Cited References 
(1) and(2)].* Instead, accuracy and stability of several 
types of resistors now in common use will be discussed. 

The commercial standard resistor possessing the highest 
certifiable accuracy (by the National Bureau of Standards) 
is the Thomas type shown (with others) in Fig. 1. This is 
a l-ohm resistor which NBS may certify to 2 parts per 
million (ppm). This means that to the best of the experi- 
ence of NBS, based on testing many resistors of this type, 
the Thomas-type resistor should not change its value any 
more than a few parts in a million in a year. NBS is willing 
to say that an accuracy of 0.0002 per cent is, therefore, 
reasonable. However, such certification is not automatic and 
may not be given to every Thomas-type resistor manufac- 
tured. 

Like most standard resistors, the Thomas type is made 
of manganin wire. After winding, it is heat-treated at rela- 
tively high temperature (about 550 C) and then sealed 
in a metal container so that it is free from direct contact 
with moisture. The effects of humidity on resistance may be 
considerable, particularly on resistors of 10,000 ohms or 
more. Hence, it is advisable not only to keep humidity 
fairly low in standards laboratories, but also to have all 
high ohmic resistors sealed. 

The Otto Wolff (German) type of standard resistors 
are shown in Fig 2. All resistors are made from carefully 
selected manganin wire or sheet which, after being wound, 
is rapidly aged for 24 to 48 hr at a temperature in the 
vicinity of 150 C. Then natural aging takes place for varying 
periods of time; six months to a year is common for the 
better grades of standard resistors. 

In recent years a new material known as Evanohm has 
come into use for resistor coils. While manganin is cer- 
tainly the best resistance coil material which has so far 
had international acceptance, Evanohm presents advantages 
which are most promising. The two problems which worry 
standard resistance manufacturers most — and which should 
also worry the engineer in a standards laboratory — are 
temperature coefficient and stability. The first of these is a 
physical property of the material over which neither the 
resistor manufacturer nor the laboratory man has much 
influence, except through the use of such mechanical means 
as temperature-regulating devices. Manganin has a tem- 
perature coefficient which is usually between 5 ppm and 
20 ppm/deg C. This variation depends on how closely its 
chemical composition is controlled, how free it is of im- 
purities, and the mechanical working of the manganin 
during the manufacture of the resistors. In the process of 
manufacturing standard resistors the temperature coefficient 


* Cited References, which appear at the end of this article, are indicated by 
italic numerals in parentheses. 
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Fig. 2— Otto Wolff-type resistors. 


may become higher than when the wire manufacturer made 
it. Evanohm, on the other hand, may have a temperature 
coefficient as low as 1 ppm/deg C, but the commercial 
grades have temperature coefficients not too different from 
manganin. The principal advantage is that Evanohm has 
a much flatter resistance-variation vs temperature curve. 
Manganin is really best between 20 C and 30 C. Evanohm 
can be used at both lower and higher temperatures. Evanohm 
has a higher electrical resistivity than manganin, so that 
less Evanohm would be used in making an equivalent re- 
sistor. 

While it might appear that manganin should be discarded 
and only Evanohm used, the question is not quite that 
simple. The second part of the standard resistor problem is 
stability, and long-term stability is determinable only by a 
long term. How long? Ten, perhaps twenty years! Manganin 
standards after several years will vary in resistance from 
year to year only a few parts in a million, and perhaps in a 
given year not at all. By using the manganin standards in 
carefully controlled oil baths, the temperature effect can 
be eliminated. There are 1l-ohm Thomas-type manganin 
resistors at NBS which vary less than 1 part per million 
per year and Otto Wolff-type manganin resistors of many 
values at our laboratory which vary only 3 ppm per year. 
Such behavior is usually predictable for well-made stand- 
ards used in temperature-regulated oil baths. However, 
Evanohm is finding an increasingly important place in 
standard resistor manufacture, and such long-time manu- 
facturers as Otto Wolff are experimenting with its use. 

At NBS, when a resistor is certified, the primary emphasis 
is placed on the stability of the resistor over a period of 
time; the secondary emphasis is placed on the amount the 
resistor may differ from its nominal value. On the back of 
each resistance certificate the following statements are made: 


“Accuracy. At the time of test, the value of resistance given 
in this certificate was probably correct to the last figure given. 
The accuracy is based on this Bureau’s record of the stability of 
the resistor, or for resistors submitted for the first time, upon 
experience with resistors of the same kind. Ordinarily, resistors 
submitted for calibration for the first time will be certified to 
0.005 per cent and their values given to 0.001 per cent. On sub- 
sequent test, high-quality resistors will be certified to 0.002 per 
cent. It is expected that the resistance value will be reliable to the 
accuracy given for at least 1 year from the date of test. 


“Stability. An investigation of data on both sealed and 
unsealed standard resistors tested at this Bureau showed that the 
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Fig. 3-— Eppley unsaturated standard cell. (The Eppley Labora- 
tory, Inc.. Newport, R. I.) 
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Fig. 4 — Eppley saturated standard cell. 


average annual change did not exceed 0.001 per cent for nearly 
90 per cent of the standards. Rapid changes of several times that 
amount occurred after the breaking of the seal of the container. 
Many unsealed resistors, especially those of 100 ohms and above, 
undergo seasonal changes which may amount to several hundredths 
of one per cent even when the average yearly change is small.” 


The principal cause of the seasonal changes mentioned 
above is humidity. In those laboratories where both tem- 
perature and humidity are carefully controlled, the seasonal 
change may well be eliminated completely in open stand- 
ards. 

The approach to standard resistor certification used by 
the German national laboratory, Physikalisch-Technische 


Bundesanstalt (PTB), is somewhat different. Here the 
primary emphasis is placed on the deviation of the resistor 
from its nominal value; its stability is given second place. 
But like most differences between experts. this difference 
between NBS and PTB is not quite so pronounced as it may 
seem to be. While NBS may be more tolerant of deviations 
from nominal, it will not consider a resistor which has ob- 
viously been badly adjusted to be within tolerance solely 
because its stability is good. For example, NBS would cer- 
tify a 100.0032-ohm resistor to 0.002 per cent if its annual 
stability showed that it varied less than 20 ppm. Obviously, 
a 100-ohm resistor which was actually 100.5 ohms would 
be another question, regardless of stability. So it is with 
PTB. The 100.0032-ohm resistor would be certifiable at 
0.005 per cent by PTB, but only if its stability warranted 
this rating. At the same time. neither NBS nor PTB will go 
beyond certain set limits of accuracy certification, regard- 
less of how well-behaved a resistor may be or how closely 
it may be adjusted to its nominal value. This is because 
both NBS and PTB must allow themselves some margin to 
account for their own uncertainty in measuring any resistance 
other than 1 ohm. 

In setting up any standards laboratory, the first step, 
therefore, is to acquire several sets of standard resistors. 
After an annual certification by NBS for the first two or 
three years, these resistors may then be alternated on an 
every other year basis for certification. In this way a history 
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is built up on the resistors, and so, regardless of the actual 
certification accuracy, the user knows from the values given, 
the annual variation to be expected. This assumes, of course, 
that the resistors are neither physically nor electrically 
damaged during this period. 

In electrical calibration work in the United States, the 
standard temperature is 25 C. If this is to be maintained 
accurately, the resistors will have to be immersed in oil. 
Since it is impractical, if not often impossible, to keep every 
instrument in oil at 25 C, the next best thing to do is to 
try to hold the test room itself at 25 C. This is what is 
usually done and oil immersion is reserved only for those 
instruments whose behavior is particularly critical and for 
standard resistors. However, a note of caution is in order. 
If the room is allowed to rise above 25 C, then there is the 
problem of cooling the oil baths in the room down to 25 C. 
| Since maintaining a room temperature of 23 C seems rela- 
tively common as well as physiologically comfortable, it 
would appear that the European electrical standard tempera- 
ture of 20 C and the American electrical standard tempera- 
ture of an uncomfortable 25 C could be compromised at 
22 C or 23 C without any loss of national pride. | 

A high-quality non-acid petroleum should be used in oil 
baths or oil-filled instruments. This may be transformer 
oil, mineral oil or any other similar type of oil. Since most 
such oils are non-evaporating, resistors have to be “drained” 
and wiped clean to insure safe handling. The same kind of 
oil used in the baths may also be used as lubricants on the 
switches of the instruments themselves. 


Standard Cells 


The Weston cadmium standard cell, designed by Edward 
Weston in 1891, is still in common use throughout the 
world. Actual design details are discussed in most books 
on electrical measurements. (3, 4) An excellent discussion 
of the entire question of standard cells may be found in 
Reference (5). The unsaturated standard cell is the most 
widely used, and when new will have an emf of about 
1.01950 volts. Tt drops at the rate of 70 microvolts per 
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year, although a newer design which uses plastic separators 
instead of cork shows about a 30-microvolt drop per year. 
When it drops below 1.01830 volts, the cell is no longer 
certifiable by the National Bureau of Standards. Ordinarily, 
the life of an unsaturated standard cell is about 10 years, de- 
pending on use and handling. In Fig. 3 the Eppley un- 
saturated standard cell is shown. 

The effect of temperature on the ordinary unsaturated 
standard cell is very small for the usual variation in room 
temperatures; the one caution which must be followed is 
that the two limbs of the cell be kept at the same 
temperature. In order to reduce the problem of unequal 
heating, it is customary to enclose the cells in copper- 
lined boxes. Generally any change in temperature, either 
up or down, will cause at least a temporary decrease in 
emf. Lowering the temperature, however, will cause a much 
larger decrease than raising it. As cells grow older they 
are less able to recover from the effects of temperature 
changes and may actually be changed permanently by two 
or three times their certifiable accuracy (0.01 per cent) 
if the change amounts to 5 C or thereabouts. 

A list of precautions in the use of standard cells is given 
in each NBS certificate. These should be observed very 
carefully; it is especially important to avoid overloading 
and to keep all parts of the cell at the same temperature. 
It is also advisable to have three or more cells available 
for intercomparison. One cell should be set aside for use 
as the principal comparison standard. While unsaturated 
standard cells may be used between 4 C and 40 C, the cells 
should not be allowed to reach either of these extremes— 
temperatures should be kept, where possible, in the range 
of 20 C to 30 C. 

The unsaturated standard cell is certifiable by the Na- 
tional Bureau of Standards to 0.01 per cent. Readings on the 
certificates are given to the nearest 10 microvolts. In view 
of the normal annual change of unsaturated standard cells, 
the certified accuracy is certainly reliable for a year. 

The saturated standard cell differs from the unsaturated 
cell in that it contains crystalline cadmium sulfate and will 
maintain a nearly constant emf over extended periods of 
time. The saturated cells, however, have a much higher 
temperature coefficient and hence they must be kept under 
very close temperature control. A typical saturated standard 
cell is shown in Fig. 4. The reference standards at NBS 
are maintained at 28 C, + 0.006 C in an oil bath. The neu- 
tral or normal saturated standard cell usually has a volt- 
age of 1.01863 volts at 20 C. The acid cell is usually a little 
lower in voltage, depending on the acid concentration. 

Saturated standard cells must be treated with considerable 
care. The Eppley Laboratory recommends that its bank 
of six saturated cells be transported by personal carrier 
because the cells cannot be inverted. They may be kept 
in an oil bath, with close temperature control, or in the 
temperature control box shown in Fig. 5. The day-to-day 
variation is specified by the manufacturer as less than 
+0.1 C. The saturated cells are usually first brought 
to NBS for certification and then used in the laboratory 
under closely controlled conditions as the standards against 
which the unsaturated cells are compared. 

The general practice of the National Bureau of Stand- 
ards with regard to the certification of unsaturated stand- 
ard cells is to give the voltage of the cell to the nearest 
fifth decimal place or to the nearest 10 microvolts, and to 
certify that this value is correct to within 0.01 per cent, 
or 100 microvolts. A series of readings is taken over 10 
consecutive working days at a temperature of approximately 
25 C (+0.5 C); the mean value of this series is given 
on the certificate. These readings are all taken to the nearest 
part per million, but the certified value is given only to 
10 parts per million, or the nearest 10 microvolts. For 
the saturated standard cells no accuracy is given, but the 
actual readings in tenths of microvolts are given and, 
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Table 1—Measured Temperature-Voltage 
Variation for PTB Saturated Cell 


Microvolts 
per deg C 


E; — En, 
microvolts 


Temperature, 
deg C 

10 plus 301 

11 “" 281 20 
12 259 22 
13 234 25 
14 207 27 
15 178 29 
16 147 31 
17 113 34 
18 78 36 
19 40 37 
20 0 40 
21 minus 42 42 
22 aan 43 
23 130 45 
24 177 47 
25 226 49 


based on tests made at NBS, the expected annual change 
is given. 

The standard cells discussed above cover, in general, 
the type made in the United States. In West Germany 
standard cells are made by PTB-Berlin (Physikalisch- 
Technische Bundesanstalt), a government agency. It is 
customary in Europe to use only saturated standard cells. 
The cell shown in Fig. 6 is a saturated cell in use in our 
laboratory. We have three such cells, all certified by both 
NBS and PTB. The PTB certificate describes the cells 


in the following manner: 


“As stated by the manufacturer, the cell is made in accordance 
with approved specifications [these are set by PTB] and contains 
as an electrolyte a saturated cadmium sulfate solution with excess 
crystals (CdSO, + 8/3 H,O). Based on a value of 1.01830 inter- 
national volts (= 1.01865 absolute volts) for the initial voltage of 
the international Weston cell at 20 C, the tested cell has, at 20 C, 
an initial voltage of 1.01870 absolute volts = 1.01835 international 
volts.” 


The certificate further notes that the variation of the 
original voltage at any temperature between 10 C and 25 C 
is given on the reverse side for increments of 1 deg C. 

Table I graphically illustrates the statement made pre- 
viously with reference to the effect of temperature change 
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Fig. 6— PTB H-type saturated standard cell. (PTB, Berlin.) 


in any saturated cell; for decreasing temperature there is 
a change in voltage which is smaller than the change 
caused by an increase in temperature (20 C is used as the 
reference temperature). 

While the data available from tests made at NBS are 
not yet sufficiently extensive to draw any final conclusions, 
two tests have been made on our three PTB cells. Table 
II shows these results. 


{It might be interesting to note that these saturated PTB cells 
were shipped from Berlin by parcel post. They were transported 
in an open carton in an automobile trunk between our laboratory 
and NBS. They are kept on an open shelf or laboratory table at 
room temperature at all times. The head of the standard cell 
calibration unit at PTB-Berlin says that these cells may be used 
at any temperature between 10 C and 25 C without difficulty since 
the corrections for temperature change given on the certificate 
are accurate to within a fraction of a part per million. In checks 
made at our laboratory this certainly appears to be the case.] 


A newer type of PTB-Berlin standard cell is shown 
in Fig. 7 and is described in Reference (6). This cell is 
small enough to fit into the palm of the hand and is 
made in both the saturated and unsaturated types. It has 
a single tube instead of the more conventional H-design. 
Developed by Dr. Heinz Eicke and his associates at PTB- 
Berlin, it has come into very wide use throughout Western 


Table li—Comparative Tests on PTB 
Saturated Cells 


NBS test(1),|PTB test(2), Actual 


difference 


Theoretical 
difference(3) 
x 10-5 
1.01868 22.6 
1.01867 22.6 
1.01865 22.6 


0905 1.01848 
0906 1.01847 
0907 1.01843 


(1) Concluded November 26, 1958. (2) Concluded May 12, 1958. (3) Obtained 
by using the PTB table. 
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Fig. 7—PTB single-branch-type standard cell. (PTB, Berlin.) 


Germany in the past several years. Four of the unsaturated 
units were brought to our laboratory in May 1959 and were 
subsequently tested at NBS. The results of those tests and 
of the PTB-Berlin tests are shown in Table III. 

Figures for the theoretical difference are not available. 
A number of tests was made at NBS over a period of 
time, and while it was found that the monthly rate of de- 
crease in voltage was larger than for the conventionally 
designed cells, the variation during the 10-day test period 


Table Ill—Tests on PTB Single-Tube Unsaturated 
Standard Cells 


Cell NBS test (1), PTB test (2), 
number 25.3C 20C Difference 
0920 1.01903 
8399 1.01917 
8400 1.01904 
8401 1.01918 


1.01914 
1.01919 
1.01909 
1.01920 


—0.00011 
0.00002 
0.00005 
0.00002 


(1) Concluded December 18, 1959. (2) Concluded April 4, 1959. 


Table 1V—Long-Term Tests on PTB Saturated 
Standard Cells 


1. Difference, 
emf, micro- 
volts* 


2. Difference, 
emf, micro- 
volts* 


EMF, 
Cell int. volts 
1.01830 plus 7 plus 11 
1.01830 he re 
1.01826 7 36 Re 
1.01827 minus 27 minus 11 


Single tube, S; 
Single tube, S, 
H-type, Hi 
H-type, Hy 


* Col. 1: average of five test periods between October 20 and December 4, 1952. 
Col. 2: average of five test periods between January 10 and April 10, 1953. 
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amounted to only 3 or 4 ppm from the average for the 
period. For example, cell number 0920 had an average 
value of 1.019033 international volts, with a high value of 
1.019037 volts and a low value of 1.019030 volts. 

The test results in Reference (6) show that on long- 
term tests for a saturated cell, the emf of the single-tube 
type was consistently as good as the H-type. Some typical 
data are summarized in Table IV. The H-type cells did 
not have as many test periods as indicated, but generally 
the variation was greater. 

For short-term voltage stability, where both time and 
temperature were varied starting at 25 C, going to 15.5 C 
at the end of 120 min, and then holding this until 345 min 
had passed, the single-tube saturated cell varied from a 
low of 1.01809 volts at 25 C to a high of 1.01845 at the 
end of 345 min at 15.66 C. The cell remained at 15.66 C 
for almost 4 hr and had an average variation of 4 ppm 
during this time. Similar tests made on other single-tube 
saturated cells showed variations of the order of 2 to 3 ppm 
over periods of several hours at 20 C and at 15 C. Higher 
variations, 8 to 10 ppm, were noted at 22 C and 25 C. This 
type of saturated cell is now undergoing test at the Na- 
tional Bureau of Standards. 


Ratio Sets 


The instrument most commonly used for the accurate 
measurement of resistance is the Wheatstone bridge. The 
familiar diamond-shaped circuit diagram shows four ele- 
ments: two ratio arms which may be set to give ratios of 
1/1000 to 1000/1 (usually); a variable rheostat which 
may consist of 4, 5 or 6 decades with a range of 0.1 
to 10,000 (for the six-decade types) and finally an X-arm, the 
unknown resistor. A Wheatstone bridge may be bought al- 
ready assembled, or it may be made from existing precision 


x 100 
Fig. 10 — Circuit diagram of a 6-dial universal ratio set. 
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Fig. 9—Otto Wolff direct-reading ratio set. (Physics Research 
Laboratories, Inc.) 


<—« 


Fig. 8 — Otto Wolff universal ratio set. (Physics Research Labo- 
ratories, Inc.) 


equipment suitable for making particular measurements. 
Basic to such an improvised bridge are the standard resistors 
previously discussed and the so-called ratio sets. 

There are two ratio sets commonly used for standards 
work: the universal ratio set (Fig. 8) and the direct read; 
ing set (Fig. 9). Both act essentially as the arms of a 
bridge. The unknown and reference standard resistors act 
as the other arms. Both ratio sets are comparison instru- 
ments acting as transfers between a standard and an un- 
known. Hence, all measurements of resistance are made in 
terms of a known standard. Where the universal ratio set 
is used to calibrate a potentiometer, it is used as a pure 
ratio device. 

The universal ratio set is one of the most versatile d-c 
measuring instruments, and also one of the simplest to use. 
In Fig. 10 the basic circuit of a 6-dial universal ratio set 
is shown. The first dial is composed of 20 resistors of 
100 ohms each; the second is a double decade of 10-ohm 
resistors arranged so that what is put into the decade on 
one side is removed on the other; the remaining four dials 
are similarly made and have 10 resistors (on each side) 
of 1, 0.1, 0.01 and 0.001 ohm, respectively. In this way, re- 
gardless of the dial setting, the total resistance of 2,111.110 
ohms remains constant. 

The first dial is the most critical and must be the most 
accurate. Resistors in this dial will have to be set so that vari- 
ations from nominal occur only in the third decimal place. 
Beyond the first dial, the criticality of the resistance setting 
at each position diminishes by a factor of 10 with each 
dial. Hence, on the last or sixth dial, an error of 100 per 
cent in an individual resistor will be reflected as an error 
of about 0.5 ppm in the total resistance. 

The small errors found in a well-made universal ratio 
set are not of great importance because they can be taken 
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Fig. 11 — Circuit diagram of a 4-dial direct-reading ratio set. 


into account as corrections or they are virtually eliminated 
in many measurements because this is a ratio type of device. 
Of more importance is stability. For example, a set in use 
in our laboratory shows a variation in the main dial 
between calibrations of less than 0.5 ppm. Generally this 
set shows in almost every case an exact decadal difference 
between successive positions on the same dial. The overall 
repeatability is 0.6 of a division of the last dial, equivalent 
to less than 0.3 ppm. Ordinarily a universal ratio set may 
be expected to offer long service with good reliability if its 
resistors are carefully adjusted and sufficiently well-aged 
initially. 

The 5-dial universal ratio set performs all the tasks of 
the 6-dial unit but requires interpolation by means of a 
galvanometer to reach the parts per million values which the 
6-dial instrument achieves directly. How this interpolation 
is carried out will be discussed later in the section dealing 
with calibration. 

The direct-reading ratio set, made in either 3-dial or 
4-dial versions, is very nearly as versatile as the universal 
ratio sets. The main difference between the two types lies 
in the range of measurement. At least in theory, and very 
nearly in practice, the universal ratio set will compare any 
two resistors regardless of their individual values. Of course, 
this is a generalization which requires some limits, to be 
discussed later. But for the purpose of comparison, this is 
adequate because the direct-reading ratio set requires that 
the two resistors be either: (1) within 5555 parts per mil- 
lion of each other or (2) in a 10:1 ratio of each other. 
And this is the only permissible spread. 

Figure 11 is the circuit diagram of a 4-dial direct-reading 
ratio set which is capable of distinguishing to within 1 part 
per million the ohmic difference between two resistors (at 
least one of which should be a certifiable standard). The 
direct-reading ratio set consists in effect of two arms of a 
Wheatstone bridge. There is a fixed 100-ohm resistor with a 
tap at 10 ohms (for use in the 10:1 ratio) and four 
dials which can be varied from 0 to 10. When these 
dials read 5555, the two arms of the ratio set are in 
balance. In other words, each one is exactly 100 ohms. The 
accuracy of the measurement, in terms of the known stand- 
ard, is 1 part in a million. This can be readily seen from 
the following analysis: 


If the last, or fourth, dial is made up of 0.0001-ohm resistors, 
each one of which is accurate to within 100 per cent, then, in 
terms of the 100-ohm resistor, each position of the fourth dial will 
be 1 ppm. However, it is relatively easy to make these 10 per cent 
or even 1 per cent resistors so that the four dials at no point need 
to have greater than 0.01 per cent accuracy; 0.01 per cent of 0.1 
ohm is 0.00001 ohm, so that the +5555-ppm range can be easily 
maintained at a high overall accuracy without requiring extreme 
design measures. The 100-ohm fixed resistor should be close to 
nominal and should be stable, but an error of 10 to 50 ppm on 
this resistor will have no noticeably bad effect because the 100- 
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ohm resistor is not directly involved in the measurement except 
when the standard is 49 of the unknown, But even in this case, 
the actual value of the fixed 100-ohm resistor (and its 90-ohm and 
10-ohm components) and its stability are the only important 
factors, because a calculation must be carried out in which actual 
values are used. For example, a direct-reading ratio set used at 
our laboratory has been calibrated and shows an error of less 
than 0.5 ppm, but the 100-ohm fixed resistor is only within 0.002 
per cent of nominal. The overall error of the instrument is of the 
same order as the best calibrating instruments. The effect of dial 
and lead resistance is eliminated by means of the shunt resistances 
shown in the circuit diagram. As a result, the effect of such re- 
sistances can be reduced to %4oo of their actual values (an in- 
significant amount). 


Calibration of Direct-Reading Ratio Sets 


The first step in the bootstrap operation of self-calibra- 
tion is the calibration of a direct-reading ratio set (DRRS). 
The circuit used is shown in Fig. 12, which represents a 
simple Wheatstone bridge. The only high-precision equip- 
ment needed is two standard resistors. In addition, a resist- 
ance decade box of sufficient range and moderate accuracy 
and a galvanometer are required. 

Since the ratio set reads values on its dials of +0.5555 
ohm, the first dial to be calibrated is the first place 
after the decimal, or the equivalent of a 0.1-ohm dial. Hence, 
the resistor used for N, is 1.0 ohm and resistor N, is 1000 
ohms. The decade box is set on 995 ohms and the ratio 
set dials are set on 0.0555. When Ni is removed from the 
circuit and replaced by a shorting bar, then the bridge 
circuit will be exactly in balance if all four branches of 
the bridge are exactly equal to the values indicated on 
their dials. Since the decade box is not very precisely 
known (the only requirement being that it remain stable 
during the calibration), a standard resistor is moved in 
and out of the circuit and the calibration is made against it. 
The procedure for calibrating the first dial is as follows: 


1. Select a 1-ohm standard for N,; a 1000-ohm standard for N.; 
connect the circuit. 

2. Set the resistance at 995 ohms; short out N,. 

3. Set the direct-reading ratio set at 0555; read the galvano- 
meter. Vary the reading on the ratio set until the galvanometer 
nulls at some point (it need not be zero). Null is obtained when 


Table V—Calibration of the First Dial of 
Direct-Reading Ratio Set 


Value of 
Ni, ohms 


Value of 
RB, ohms DRRS reading 
995 
995 
996 
996 
997 
997 
998 
998 
999 
999 
1000 
1000 
1001 
1001 
1002 
1002 
1003 
1003 
1004 
1004 
1005 


.0214 
.1213 
.1213 
.2212 
.2211 
.3210 
.3209 
.4209 
.4208 
. 5208 
.5198 
.6198 
.6197 
.7197 
. 7196 
.8196 
.8195 
.9195 
.9194 
.0194 
.0194 








meococeoocoococococococococo.c;c§$s 





ELECTRICAL MANUFACTURING 





a change of one division on the lowest dial in either direction 
causes the galvanometer to change its direction. The reading on 
the ratio set is the “zero” reading, say, 0576 (the actual reading 
on the direct-reading ratio set is of no significance). 

4. Put N, in the circuit; leave RB at 995, change the direct- 
reading ratio set to 1576. If the galvanometer nulls, then there is 
no error in the first position of the first dial. 

5. Short V,; set RB at 996; leave the ratio set at 1576, and 
proceed as above until the entire first dial has been covered, 


The procedure is based on the nature of the direct- 
reading ratio set. Theoretically the two arms of the ratio 
set equal exactly 100 ohms. The right arm is fixed at 
100 ohms and the left is made to equal 100 ohms by 
adding 0.5555 ohm to 99.4445 ohms. Since N, is fixed at 
1000 ohms and the right arm of the direct-reading ratio 
set at 100 ohms, when RB = 995 ohms, by dropping the 
dial reading from 0.5555 ohm to 0.0555 ohm, the value of 
99.5000 ohms is reached. This balances the bridge, since 
both branches are in precisely a 10:1 ratio. 

A typical set of readings for the first dial is shown in 
Table V. The data indicate that the maximum error at any 
point is 1 ppm in terms of the first dial. When the change 
is made from 999 to 1000 on the resistance box, a large 
change takes place in the readings because a new range 
is in use on the resistance box and different lead resistances 
are involved. 

A similar procedure is carried out for the next dial. 
The standard resistor N, is changed to 0.1 ohm. The cali- 
bration of the third and fourth dials is a little different. 
This is because the ratio of N, to N, cannot be permitted 
to increase indefinitely without losing all sensitivity on the 
galvanometer. Therefore a procedure such as the following 
is recommended: 


1. Using the same basic circuit shown in Fig. 12, make VN, = 1 
ohm and N, = 100 ohms. Set RB =99 ohms. Shunt N, with a 
slidewire as the means of adjustment. 
2. Set the direct-reading ratio set dials as follows: 
Dial No. 1 2 3 4 
Setting any any 0 10 

. Read the galvanometer. 

. Set the direct-reading ratio set dials as follows: 
Dial No. 1 2 3 4 
Setting any any 1 0 

5. Read the galvanometer. Any change from its previous reading 
will indicate the error in the third dial. 

6. The next setting would leave the first three dials unchanged 
while the fourth dial would be set at 10. The procedure is con- 
tinued until all positions on the third dial have been checked. 


The fourth dial may be calibrated directly, using the 
galvanometer, if the other three dials are set at any 
values which will give the galvanometer a sufficiently large 
deflection range. Starting from the null point, the fourth 
dial is turned through each position. Each position should 
cause an equal galvanometer deflection. Any variation will 
be the error in the position. Actually, this is a linearity 
test, but it is sufficient for this dial which needs to be no 
more than 1 per cent accurate to maintain the overall ac- 
curacy of the instrument. 

Another method of calibrating the direct-reading ratio 
set would be to track the one under test with one already 
tested. The arrangement for this is shown in Fig. 13. The 
procedure is quite simple: 


The ratio set marked (X) is set with the dials at 0555; then 
the ratio set marked (N) is set at the same number. If the gal- 
vanometer is zeroed, the two ratio sets have no difference between 
them at this point. If there is a difference this will have to be 
taken into account at the conclusion of the test as a correction. 
The reading on the (X) set is changed from 0555 to 1555; 2555; 

; 10555. The (N) set is changed at the same time to read the 
same values. The zero setting, if there is one, may be left in the 
readings. For example, if (X) = 0555 and (N) = 0558, then when 
(X) is set at 1555, (N) is set at 1558, and so on. Any variation 
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99.4445 
to 100.5555 
ohms 


100 ohms 


Fig. 12 — Schematic for calibration of direct-reading ratio set 
(DRRS). 


in (N) beyond this initial difference will be the error of the 
particular position. The tracking can be continued on each dial 
by starting successively at 5055, 5505 and 5550. In this way the 
error (if any) will be found in each dial at each position. But 
actually, if only the first dial is tracked and is found to be within 
one division on the fourth dial (or third dial in a 3-dial set), the 
entire set is probably correct to within this error. Tracking, of 
course, requires the possession of two sets, something most stand- 
ards laboratories do not have, 


Calibration of a Universal Ratio Set 


The second step in the bootstrap operation is the calibra- 
tion of the universal ratio set. Once the direct-reading ratio 
set has been calibrated, it can be immediately put into 
service in the following manner. [This method, while of- 
fering good precision, is not the best method; the best 


DRRS (x) 


DRRS (N) 


Fig. 13 — Hookup for tracking a direct-reading ratio set, 





100 ohms 





Fig. 14 — Schematic for calibration of universal ratio set. 


method is described in Appendix A.] Set up a circuit such 
as is shown in Fig. 14. The relationship of N, to N,. is 
always 1:10. Standard resistor N, is always equal to an in- 
dividual step of the dial being calibrated; N., to the entire 
dial. The really fascinating part about this calibration is 
that R, can be any reasonably stable decade box, a pre- 
cision box which is also being calibrated, a Wheatstone 
bridge or another universal ratio set, or any other decadal 
device which fits into the circuit and which needs calibrat- 
ing. During the one operation two instruments can be 
calibrated. 

Suppose at the outset only the universal ratio set is being 
calibrated. The procedure is rather similar to that fol- 
lowed for the calibration of the direct-reading ratio set. If 
the highest dial (X100) is taken first, then the steps are: 


Appendix A 
Calibration of X100 Dial on Universal Ratio Set 


The most precise method of calibrating the first dial 
(X100) on a 6-dial universal ratio set requires a large 
number of standard resistors. These resistors are con- 
nected in series and should total 2111 ohms. Such an 
arrangement could be obtained, for example, with one 
l-ohm, one 10-ohm, four 100-ohm, one 200-ohm, one 500- 
ohm and one 1000-ohm standard resistor. One of the 
100-ohm standards should have a long history and be 
very stable. The universal ratio set is connected across 
this bank of resistors and the galvanometer is connected 
between the l-ohm resistor and the very precise 100-ohm 
standard and the ratio set. The galvanometer is brought 
to a null by adjusting the fourth, fifth and sixth dials 
while the third dial is set at 1. This gives a reading of, 
say, 1.013 on the ratio set. Then the galvanometer is 
moved across the 100-ohm standard and the ratio set 
changed to 101.013. If the null on the galvanometer does 
not change, then the ratio set has stepped up exactly 
100 ohms (taking into account the actual value of the 
standard). By moving this first 100-ohm resistor along 
the line and always measuring across it, the ratio set is 
calibrated at every position against this single standard. 
The only requirements for using this method are space 
and a good and large selection of stable standard re- 
sistors. 


Table Vi—Calibration of X100 Dial on 6-Dial 
Universal Ratio Set 


DRRS* 


RB, | URS 
reading 


ohms reading 
0 2000 5603 

0 1900 5603 
1900 5583 

1800 5583 
1800 5574 
1700 5574 





1700 300 5285 
1700 200 5282 
1800 200 5267 
1800 100 5267 
1900 100 5248 
1900 0 5246 





* Direct-reading ratio set. 


1. Set R, at 900; set N, at 100; set the universal ratio set at 0. 

2. Balance the circuit by means of the direct-reading ratio set; 
when the galvanometer nulls, read the direct-reading ratio set. 

3. Leave the resistance box at 900; short-circuit the N, and 
turn the X100 dial on the ratio set to the first position. 

4. Balance the circuit by means of the direct-reading ratio set; 
when the galvanometer nulls, read the direct-reading ratio set. 

5. The difference between the two successive readings on the 
direct-reading ratio set shows the error in the dial reading of the 
universal ratio set. This error is in terms of the standard resistor 
used in the measurement and is also a percentage of the total of 
the dial or, in this case, 2000 ohms. 

6. The procedure is repeated with resistance box Rp set at 
800, N, in the circuit, and the universal ratio set at 100. 

7. With resistor NV, shorted out, the universal ratio set is turned 
to 200. Again the difference between the two successive readings 
is noted on the direct-reading ratio set. 


For the X100 dial, which has 20 positions, the resistor 
N. will either have to be changed to 2000 ohms or else 
two 1000-ohm resistors will have to be connected in series. 
Since this resistor is not critical, any stable resistor or 
resistor combination may be used. 

In all these measurements, the only important piece of 
equipment is the standard resistor, N,. The resistance box 
and the resistance N, need only have stability as, for that 
matter, does the direct-reading ratio set. If N, and N, are 
as previously defined, U, is the reading on the universal 
ratio set when the first dial is being calibrated, the variable 
arm setting of the direct-reading ratio set is W, and the 
fixed arm is Y, then it follows that, at balance for N, in 
the circuit 


W 
Ry + Ni = + (N2) (1) 


at balance for N, shorted out and U, in the circuit, 


R, + U, = 7 (N.) (2) 


hence, 


U, = f, (3) 


All other terms will have disappeared if during the test 
they have not changed their values. Reading U, will be 
equal to N, if the direct-reading ratio set does not have 
to be changed. If it has to be changed, then, at balance, 
Eq (3) becomes 
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U,+<e=N, (4) 


where «¢ is the error in terms of N,. 

An example of a typical series of measurements is shown 
in Table VI. It is sometimes the practice to make the last 
figure, in this case the 2000 reading, exact (have it read 
2000.000) and then correct all other readings below it a 
proportionally smaller amount. 

These data must now be put into a form for use as cor- 
rection factors on the instrument. Three steps need to be 
followed: 


1. Take the difference between the last DRRS readings at R, = 
1900 (Table VI). This is 5248 — 5246 —=2, or 2 ppm, which is 
0.0002 per cent of 2000 ohms, the total resistance of the first dial. 
This amounts to 0.004 ohm. In a similar fashion, determine all 
the other differences in the DRRS readings. For R, = 1800, it 
is 0; Rz,= 1700, 6; etc, For R,=0, it is 0. 


2. Find the average of the algebraic sum of all these differences. 
On the universal ratio set tested here, the algebraic sum is 86, 
the number of points, 20, the average, 4.3. Since the sum is posi- 
tive, 4.3 must be subtracted from all the readings (they are, on 
the average, too large by this amount). 


3. After all readings have been corrected, the algebraic sum 
must be zero if all work has been done correctly. The corrected 
readings are the final corrections to be added to the dial settings. 
Thus, the correction to the first point would be —0.0003 (or simply 
0, because the 3 is one place beyond the last dial of the ratio set). 
In fact, the decimal place can be cut off to the next higher or 
lower figure in each instance. 


The X10 dial may be handled in exactly the same way 
as the X100 dial, only here the two resistors, N, and N,, 
would be 10 ohms and 100 ohms, respectively. The X1 dial 
can be handled by making N, = 1.0 ohm and N, = 10 
ohms, and proceeding as before. However, once measure- 
ments to the right of the decimal must be made, a dif- 
ferent procedure must be followed: 


1, Standard resistor N, can be shorted out or removed from 
the circuit, as can the resistance box R,; N, is a 100-ohm stand- 
ard resistor. The galvanometer and battery are connected in 
the usual way. 


2. With the X0.1 dial on the universal ratio set kept at zero and 
the first dial on the direct-reading ratio set also at zero, set the 
universal ratio set at approximately 100; then, using both ratio 
sets, obtain a null on the galvanometer. This is the starting 
point for the test. 


3. Increase the X0.1 dial on the universal ratio set from 0 to 
0.1 and, upon increasing the first dial of the direct-reading ratio 
set to 1, a null should be obtained. The amount that the direct- 
reading ratio set has to be adjusted to obtain a null is the error 
in the X0.1 dial setting of the universal ratio set. The readings 
will be similar to the following: 


Universal Direct-reading 
ratio set ratio set 
101.023 0731 
101.123 1735 
101.223 2740 


The corrections can be made in precisely the same manner 
as described previously. However, it is usually not necessary 
to make individual dial-setting corrections in the fourth, 
fifth or sixth dials of a 6-dial universal ratio set, but 
merely to assume that an average correction holds for 
all the dials. This will probably be of the order of 
+0.001 ohm or less. The fifth dial (X0.01) can be cali- 
brated in the same way except that on the universal ratio 
set this dial is initially at zero, as is the second dial on 
the direct-reading ratio set. The last dial can be calibrated 
using the galvanometer deflections as described in refer- 
ence to the direct-reading ratio set. 

The universal ratio set can be checked for compensation 
(to determine whether its resistance remains fixed at 
2111.110 ohms) by using a resistance box set at 2111.110 
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ohms. Once a null has been obtained on the galvanometer, 
changing the positions of the dials on the universal ratio 
set should not cause the galvanometer to change, because 
what has been put into the circuit must be taken out, by 
virtue of the design, and hence the total resistance will 
not change. 

Before going on to the next step, the calibration of a 
potentiometer, the double calibration which the set-up in 
Fig. 14 makes possible might be explored briefly. If R, 
is a precision box which needs to be calibrated, it can be 
used in the circuit exactly as described here. It will be 
recalled that, as the dial settings on the universal ratio set 
were changed, so were the dial settings on R,, and the 
standard resistor was moved in and out of the circuit as a 
replacement for both instruments. Thus, data were being 
obtained for Rg, and the universal ratio set at the same 
time and could be applied equally well to either one of them. 
Instead of being a resistance box, R, could be the decades 
of a Wheatstone bridge or any other similar device, including 
another universal ratio set. 

The universal ratio set could also be calibrated by track- 
ing with another one. The circuit connections are similar to 
those for the direct-reading ratio set, Fig. 13. Since it is 
unlikely that the two sets will be perfectly matched, an 
unbalance will occur when both sets have all dials set 
at zero. This unbalance can be checked by reversing the 
sets and, in the final correction figures, this must be 
considered. The tracking method is simple and very nearly 
foolproof, but one set must be pretty well known if the 
results are to be significant. 

The basic calibrating instruments for virtually all d-c 
measurements have now been calibrated and these instru- 
ments are now available to calibrate other instruments so 
that measurements of quantities other than resistors may 
be carried out. The first of these fundamental instruments 
is the potentiometer. 


Calibration of the Potentiometer 


Probably no instrument is easier to check out than an 
instrument potentiometer. The simple checking method to be 
described is by no means a calibration, but it can give in 
a few minutes (after the potentiometer current has stabil- 
ized) an accurate estimate of the deviation of the potentiom- 
eter from its indicated values. The procedure consists of 
two steps: (1) set up the potentiometer with the standard 
cell attached to its proper terminals and null the potentiom- 
eter; (2) disconnect the standard cell from the standard 
cell terminals and connect it to the unknown or emf ter- 
minals. Adjust the dials on the potentiometer to the standard 
cell voltage. If the galvanometer reads zero, then the 
potentiometer must be correct at least for that voltage. Since 
a standard cell is read out to tens of microvolts, this quick 
check indicates that all dials on the potentiometer must be 
correct at the positions used. It would be a remarkable 
coincidence if these positions (which were purely random 
and dependent only on the voltage of the standard cell) 
were correct and all others were in error. 

Actually, this test can be made into a test of either the 
standard cell or the potentiometer, but not both at the 
same time, since one or the other must be known. By mak- 
ing several trials, each time adjusting the potentiometer 
more carefully so that the voltage used on the potentiometer 
dials will be corrected over the preceding measurement, 
it is possible to measure the voltage of the standard cell 
exactly. In other words, this potentiometer check can 
determine the calibrated voltage of the standard cell. Such 
a test can be carried out periodically as a test of the 
reliability of the potentiometer in terms of the standard 
cell. If large deviations are noted, it would be advisable to 
run a calibration of the potentiometer using the method 
described in this section. 





Table Vil —Calibration of the Main Dial on K-2 


I II lll 
sc — 1119627 1019000 
SC+ 10190 100627 1019000 
EMF+ 0 219782 — 
EMF— 0 219790 0 
EMF — 319769 —21 

419752 —38 
519736 —54 
619716 —74 
719701 —89 


1.5 1.719529 —261 


| 
| 


Se 
Col. I shows the potential pointe and dial settings. Col. I] shows the universal 
ratio set readings (corrected). In Column III, the first number, 1019000, shows the 
universal ratio was direct-reading. The other numbers are the errors in micro- 
volts, found as follows: subtract the reference number (the reading at EMF— for 
0) from each succeeding EMF— reading (0.1, 0.2, etc.). Thus 


0.1 step: 0.319769 — 0.219790 = 0.099979 or (0.1 — 0.000021) volt 
0.2 step: 0.419752 — 0.219790 = 0.199962 or (0.2 — 0.000038) volt 


Two points of caution are worth noting: first, the po- 
tentiometer current must be allowed to stabilize (a necessity 
for all measurements with a sensitive potentiometer) and 
this may require several hours; second, after the test is 
completed, be certain to disconnect the standard cell first. 
And always remember that the emf source being measured 
is a delicate device. 

Two types of potentiometers will be used as typical 
illustrations of the method of calibration of a potentiometer 
using a universal ratio set. These are the Leeds & Northrup 
Type K potentiometer and the Otto Wolff Feussner-Brooks 
potentiometer. 

First, let us discuss very briefly the matter of inter- 
polation on the galvanometer when a 5-dial universal ratio 
set (URS) is used in place of a 6-dial unit. Suppose that 
the 5-dial ratio set shows a reading of 1667850, where the 
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Fig. 15 — Calibration circuit of the K-2 potentiometer, 
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Table Vill — Calibration of Main Dial of K-2 
Potentiometer, both Directions 


I | II 
sc+ | 2010494 | 
sc - 991494 
EMF + | 1891349 . 
EMF — 1891342 0 0 | 9.00000 
EMF — 1791362 —21 | —20 |—0,.00002 

1691378 —38 —36 |—0.00004 
1591394 | —-S4# | -—S2  |—0.00005 
1491412 —-74 | 70 —0. 00007 
1391431 |  —89 —89  |—0.00009 


1019000 1019000 


391589 —0.00025 


Cols. I, Il and Ill are as in Table VII. Col. IV lists the readings in microvolts 
for the reversed terminals. Col. V shows the actual corrections in volts. For Col. 
IV, the microvolt error is found by subtracting the microvolt reading at each step 
from the reading at zero. For example, at EMF— 0.2 volt, the error is found to be: 


1.891342 — 1.691378 = 0.199964 = (0.2 — 0.000036) 


or an error of 36 microvolts. Step-by-step, the correction differences between the 
two tests should not be more than 50 microvolts. 


0 represents the missing sixth place. If, at this setting, the 
deflection on the galvanometer is 13 scale divisions, and 
if moving from 5 to 6 (one division) on the last dial 
causes the galvanometer to move 7 scale divisions in the 
opposite direction, the correct reading must lie between 
1667850 and 1667860. Thus, it can be seen that 20 scale 
divisions on the galvanometer (13 + 7) correspond to 10 
URS divisions. The correct reading would have added to 
it 13/20, or 0.65 parts, of the fifth dial. This is the same 
as saying 7 divisions on a sixth dial, if one existed. There- 
fore, the full reading would be 1667857. In a similar man- 
ner, a 6-dial universal ratio set could be interpolated to de- 
termine what the last or sixth place should be if a change 
of one division caused a large shift in the galvanometer. 
The rule to follow is simply to divide the first deflection of 
the galvanometer by the sum of the first and second de- 
flections. 

The method used here for the calibration of the Type 
K potentiometer is discussed in Reference (7). The equip- 
ment used is a 5-dial universal ratio set, a 3-6 volt battery, 
a sensitive galvanometer, a rheostat, and a key with re- 
versing switch. Based on making the universal ratio set 
direct reading, the steps to be followed are: 


1. Connect the potentiometer to the ratio set as shown in 
Fig. 15, noting that the galvanometer button is set at the 
highest sensitivity and held down, the galvanometer terminals 
are shorted, and the rheostat regulates the battery voltage across 
the potentiometer. 

2. The standard-cell dial is set at the arbitrary value of 1.0190. 
All potentiometers have a rheostat in series with the voltage source 
when tests are being made, in order to regulate the battery 
current so that the difference of potential between the standard 
cell binding posts will be equal to the reading of the standard 
cell dials. This rheostat will make the universal ratio set direct 
reading when it is adjusted so that the difference across the two 
standard-cell terminals is exactly 1019000. As a rule on the K-2 
potentiometer, the two standard-cell readings will be approximately 
1119600 at the negative side and 100600 on the positive side. 

3. Turn the universal ratio set dials to 1119600 (with the 
battery connected to the positive standard-cell terminal) and 
adjust the potentiometer rheostat until the galvanometer nulls. 
Proceed from “coarse” to “medium” to “fine” adjustment as the 
current becomes regulated on each in its turn. If zero deflection 
is impossible on the galvanometer, select the position of minimum 
deflection. 

4. Change the battery terminals from the plus to the minus 
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standard-cell terminal. Adjust the ratio set until the galvanometer 
zeroes or shows minimum deflection, proceeding as in step 3. For 
a 5-dial universal ratio set use the interpolation described above. 

5. Add 1019000 to the ratio set dial readings, and set this value 
on the dials. Change the battery connection back to the minus 
standard-cell terminal. Readjust the dials for zero or minimum 
galvanometer deflection. This changing back and forth between 
the plus and minus standard-cell terminals should be continued 
until the difference between the two readings at balance is 
1019000, It is not difficult to carry this out with a precision that 
shows a permissible difference of 1 to 3 units in the last place. 
Whatever corrections are required for the ratio set should be 
made during the final adjustment. 

6. When making a check calibration, the connections between 
the potentiometer and the ratio set should be reversed; that is, 
the positive and negative battery connections of the potentiometer 
should be interchanged on the ratio set. Then the test should be 
run over again. The values read on the universal ratio set will 
be different for this new case; the standard-cell plus terminal 
will show approximately 2010500 and the negative, 991500. 

7. The actual calibration may now be started. After setting 
the main dial and the slide wire on zero, the standard-cell dial 
on 1.0190, the factor switch on “1”, and the EMF-STD CELL 
on STD CELL, readings are taken on the universal ratio set 
(interpolating an additional place if a 5-dial set is used) at 
both the plus and minus standard-cell terminals. The difference 
should be 1019000. 

8. Change the EMF-STD CELL dial to EMF. Using first the 
positive and then the negative EMF terminals, balance the galvan- 
ometer by means of the ratio set. The difference between the two 
readings should be small—less than ten places in the last figure. 

9. Keep the potential connection on the negative EMF terminal 
and record readings for each step of the main dial. Typical 
readings are shown in Table VII. Set the main dial back to zero 
and repeat the series of readings starting with the standard-cell 
terminals and proceeding through the EMF terminals and all the 
steps of the main dial. The difference between the two sets of 
readings should not exceed five units on the universal ratio set 
(assuming a 6-dial set). In Table VII the ratio set was connected 
with the right side to the negative battery terminal, as shown in 
Fig. 15. The procedure followed is the direct-reading method. 
Obviously, only the last two or three figures in the table are 
important, so it is sufficient to consider only these figures in the 
computation. 


The test is now performed by reversing the ratio set and 
potentiometer terminals as described in step 6. The results 
are shown in Table VIII. 

The corrections for the slidewire are carried out in 
exactly the same manner so the complete results for both 
tests (first with the right side of the universal ratio set 
connected to the BA— terminal and then reversed) are 
shown in Table IX. 


10. The K-2 potentiometer has a standard-cell dial which must be 
calibrated. These measurements were made for every fourth 
dial division with the left side of the universal ratio set con- 
nected to BA— and the STD CELL+ as the potential point, 
Table X. The graduations on the dial were considered linear 
because the deviations from uniformity in the last column (Table 
X) were within the limit of experimental error. 

11. The Type K-2 potentiometer has three range or factor 
switch positions: “1” for the normal 0 to 1.6100 volts; “0.1” for 
one tenth of the dial readings; “0.01” for one hundredth the 
dial readings. The corrections are made with the standard-cell 
dial set at 1.0190 and the main and slidewire dials at the maxi- 
mum positions. All battery rheostats should be at the minimum 
positions, but backed off slightly from the ends to prevent poor 
contact. 


The readings for each factor switch setting are taken 
with potential points as follows: STD CELL+; STD 
CELL—; EMF+ and EMF-—. The results of these readings 
and differences are shown in Table XI. 

Noting that Dy, = standard-cell potential point difference 
and D, = EMF potential point difference, the quotient 
of Dg/D, for factor “1”, multiplied by Dp,/Dg for factor 
“0.1” gives the correction of “0.1,” and Ds/D, for “J” 
multiplied by D,/Dg for “0.01” gives the correction for 
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Table IX — Calibration of Slidewire on K-2 
Potentiometer 


SC+ 10190 
SC— 10190 
EMF— 0 


2010494 

991494 1019000 1019000 

1891342 0 0 

EMF+ 0 1891349 + 8 re 

EMF+ 50 1896356 +14 +14 
100 1901353 +21 +11 
150 1906364 +29 +22 
200 1911366 +29 +24 
250 1916377 +29 +35 


terete 
“eessssce 
Cwwnr- Oo 


2001495 +158 +153 +1.6 


The columns are defined as in Tables VII and VIII, with Cols. IT and IV being 
the two sets of readings BA— and BA+, respectively. Col. V is the correction to 
the slidewire in parts of a slidewire unit. With a slidewire unit = 0.0001 volt, if 
the error found is 0.00003 volt, then the correction is 0.3 of a slidewire unit. 


Table X—Calibration of Standard-Cell Dial on 
K-2 Potentiometer 


Difference, 


Standard-cell dial URS reading microvolts 


10176 
10180 
10184 
10188 
10192 
10196 
10200 
10204 


2009086 

2009487 401 
2009883 396 
2010285 402 
2010684 399 
2011084 400 
2011489 405 
2011880 391 


Table Xi—Calibration of Factor Switch on K-2 
Potentiometer 


Factor switch setting 1 0.1 0.01 


STD CELL — 
STD CELL+ 


1275553 
114627 


1275487 
114637 


1275478 
114632 
Potential point difference, Ds 1160926 | 1160850 | 1160846 
1959006 
124908 


308309 
124899 


143244 
124905 


EMF potential point difference, | 1834098 183410 18339 


Dz 


Factor 0.1 correction: (Da/Dg)(Da/Ds) = (1160926/1834098) (183410/1160850) 
= 0.1000067 


Factor 0.01 correction: (Ds/Dg)(Dge/Ds) = (1160926/1834098) (18339/1160846) 
= 0.00999961 


“0.01”. The actual values are worked out under the table, 
using a desk calculator. Factor 0.1 correction is 67 ppm 
and factor 0.01 correction is —39 ppm. 

A second test is made with connections reversed. This 
shows 50 ppm and —89 ppm for the 0.1 and 0.01 correc- 
tions, respectively. The actual corrections used are (with 
uncertain digits dropped): 1— 0.00000; 0.1— +-0.00006; 
0.01— —0.0001. Experimental errors in the 0.01 factor 
measurement may amount to 100 ppm. Hence, the correction 
is given to the nearest 100 ppm figure. 





Table Vil —Calibration of the Main Dial on K-2 


I III 


SC— 10190 
SC+ 10190 
EMF+ 0 
EMF— 0 
EMF— 0. 


1119627 1019000 
100627 1019000 
219782 = 
219790 0 
0.1 319769 —21 
0.2 419752 —38 
0.3 519736 

0.4 619716 —74 
0.5 719701 —89 


1.5 1.719529 — 261 


——_—_ 
Col. I shows the potential pointe and dial settings. Col. II shows the universal 
ratio set readings (corrected). In Column III, the first number, 1019000, shows the 
universal ratio was direct-reading. The other numbers are the errors in micro- 
volts, found as follows: subtract the reference number (the reading at EMF— for 
0) from each succeeding EMF— reading (0.1, 0.2, etc.). Thus 


0.1 step: 0.319769 — 0.219790 = 0.099979 or (0.1 — 0.000021) volt 
0.2 step: 0.419752 — 0.219790 = 0.199962 or (0.2 — 0.000038) volt 


Two points of caution are worth noting: first, the po- 
tentiometer current must be allowed to stabilize (a necessity 
for all measurements with a sensitive potentiometer) and 
this may require several hours; second, after the test is 
completed, be certain to disconnect the standard cell first. 
And always remember that the emf source being measured 
is a delicate device. 

Two types of potentiometers will be used as typical 
illustrations of the method of calibration of a potentiometer 
using a universal ratio set. These are the Leeds & Northrup 
Type K potentiometer and the Otto Wolff Feussner-Brooks 
potentiometer. 

First, let us discuss very briefly the matter of inter- 
polation on the galvanometer when a 5-dial universal ratio 
set (URS) is used in place of a 6-dial unit. Suppose that 
the 5-dial ratio set shows a reading of 1667850, where the 
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K2 potentiometer 
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points 
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Fig. 15 — Calibration circuit of the K-2 potentiometer, 
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Table Vill — Calibration of Main Dial of K-2 
Potentiometer, both Directions 


a 


2010494 

991494 1019000 

1891349 ate cod 
1891342 0 0.00000 
1791362 -21 —0.00002 
1691378 —38 —0.00004 
1591394 —54 —0.00005 
1491412 —14 —0.00007 
1391431 —89 —0.00009 


. 


391589 —247 —0.00025 


Cols. I, I and Ill are as in Table VII. Col. IV lists the readings in microvolts 
for the reversed terminals. Col. V shows the actual corrections in volts. For Col. 
IV, the microvolt error is found by subtracting the microvolt reading at each step 
from the reading at zero. For example, at EMF— 0.2 volt, the error is found to be: 


1.891342 — 1.691378 = 0.199964 = (0.2 — 0.000036) 


or an error of 36 microvolts. Step-by-step, the correction differences between the 
two tests should not be more than 50 microvolts. 


0 represents the missing sixth place. If, at this setting, the 
deflection on the galvanometer is 13 scale divisions, and 
if moving from 5 to 6 (one division) on the last dial 
causes the galvanometer to move 7 scale divisions in the 
opposite direction, the correct reading must lie between 
1667850 and 1667860. Thus, it can be seen that 20 scale 
divisions on the galvanometer (13 + 7) correspond to 10 
URS divisions. The correct reading would have added to 
it 13/20, or 0.65 parts, of the fifth dial. This is the same 
as saying 7 divisions on a sixth dial, if one existed. There- 
fore, the full reading would be 1667857. In a similar man- 
ner, a 6-dial universal ratio set could be interpolated to de- 
termine what the last or sixth place should be if a change 
of one division caused a large shift in the galvanometer. 
The rule to follow is simply to divide the first deflection of 
the galvanometer by the sum of the first and second de- 
flections. 

The method used here for the calibration of the Type 
K potentiometer is discussed in Reference (7). The equip- 
ment used is a 5-dial universal ratio set, a 3-6 volt battery, 
a sensitive galvanometer, a rheostat, and a key with re- 
versing switch. Based on making the universal ratio set 
direct reading, the steps to be followed are: 


1. Connect the potentiometer to the ratio set as shown in 
Fig. 15, noting that the galvanometer button is set at the 
highest sensitivity and held down, the galvanometer terminals 
are shorted, and the rheostat regulates the battery voltage across 
the potentiometer. 

2. The standard-cell dial is set at the arbitrary value of 1.0190. 
All potentiometers have a rheostat in series with the voltage source 
when tests are being made, in order to regulate the battery 
current so that the difference of potential between the standard 
cell binding posts will be equal to the reading of the standard 
cell dials. This rheostat will make the universal ratio set direct 
reading when it is adjusted so that the difference across the two 
standard-cell terminals is exactly 1019000. As a rule on the K-2 
potentiometer, the two standard-cell readings will be approximately 
1119600 at the negative side and 100600 on the positive side. 

3. Turn the universal ratio set dials to 1119600 (with the 
battery connected to the positive standard-cell terminal) and 
adjust the potentiometer rheostat until the galvanometer nulls. 
Proceed from “coarse” to “medium” to “fine” adjustment as the 
current becomes regulated on each in its turn. If zero deflection 
is impossible on the galvanometer, select the position of minimum 
deflection. 

4. Change the battery terminals from the plus to the minus 
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standard-cell terminal. Adjust the ratio set until the galvanometer 
zeroes or shows minimum deflection, proceeding as in step 3. For 
a 5-dial universal ratio set use the interpolation described above. 

5. Add 1019000 to the ratio set dial readings, and set this value 
on the dials. Change the battery connection back to the minus 
standard-cell terminal. Readjust the dials for zero or minimum 
galvanometer deflection. This changing back and forth between 
the plus and minus standard-cell terminals should be continued 
until the difference between the two readings at balance is 
1019000. It is not difficult to carry this out with a precision that 
shows a permissible difference of 1 to 3 units in the last place. 
Whatever corrections are required for the ratio set should be 
made during the final adjustment. 

6. When making a check calibration, the connections between 
the potentiometer and the ratio set should be reversed; that is, 
the positive and negative battery connections of the potentiometer 
should be interchanged on the ratio set. Then the test should be 
run over again. The values read on the universal ratio set will 
be different for this new case; the standard-cell plus terminal 
will show approximately 2010500 and the negative, 991500. 

7. The actual calibration may now be started. After setting 
the main dial and the slide wire on zero, the standard-cell dial 
on 1.0190, the factor switch on “1”, and the EMF-STD CELL 
on STD CELL, readings are taken on the universal ratio set 
(interpolating an additional place if a 5-dial set is used) at 
both the plus and minus standard-cell terminals, The difference 
should be 1019000. 

8. Change the EMF-STD CELL dial to EMF. Using first the 
positive and then the negative EMF terminals, balance the galvan- 
ometer by means of the ratio set. The difference between the two 
readings should be small—less than ten places in the last figure. 

9. Keep the potential connection on the negative EMF terminal 
and record readings for each step of the main dial. Typical 
readings are shown in Table VII. Set the main dial back to zero 
and repeat the series of readings starting with the standard-cell 
terminals and proceeding through the EMF terminals and all the 
steps of the main dial. The difference between the two sets of 
readings should not exceed five units on the universal ratio set 
(assuming a 6-dial set). In Table VII the ratio set was connected 
with the right side to the negative battery terminal, as shown in 
Fig. 15. The procedure followed is the direct-reading method. 
Obviously, only the last two or three figures in the table are 
important, so it is sufficient to consider only these figures in the 
computation, 


The test is now performed by reversing the ratio set and 
potentiometer terminals as described in step 6. The results 
are shown in Table VIII. 

The corrections for the slidewire are carried out in 
exactly the same manner so the complete results for both 
tests (first with the right side of the universal ratio set 
connected to the BA— terminal and then reversed) are 
shown in Table IX. 


10. The K-2 potentiometer has a standard-cell dial which must be 
calibrated. These measurements were made for every fourth 
dial division with the left side of the universal ratio set con- 
nected to BA— and the STD CELL+ as the potential point, 
Table X. The graduations on the dial were considered linear 
because the deviations from uniformity in the last column (Table 
X) were within the limit of experimental error. 

1l. The Type K-2 potentiometer has three range or factor 
switch positions: “1” for the normal 0 to 1.6100 volts; “0.1” for 
one tenth of the dial readings; “0.01” for one hundredth the 
dial readings. The corrections are made with the standard-cell 
dial set at 1.0190 and the main and slidewire dials at the maxi- 
mum positions. All battery rheostats should be at the minimum 
positions, but backed off slightly from the ends to prevent poor 
contact, 


The readings for each factor switch setting are taken 
with potential points as follows: STD CELL+; STD 
CELL—; EMF+ and EMF-—. The results of these readings 
and differences are shown in Table XI. 

Noting that Dg = standard-cell potential point difference 
and D, = EMF potential point difference, the quotient 
of Ds/D, for factor “1”, multiplied by D,/Dx, for factor 
“0.1” gives the correction of “0.1,” and Ds/Dy for “1” 
multiplied by D,/Dg for “0.01” gives the correction for 
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Table IX — Calibration of Slidewire on K-2 
Potentiometer 


I 


SC+ 10190 
SC— 10190 
EMF— 0 


1019000 1019000 
1891342 0 0 
EMF+ 0 1891349 + 8 +7 
EMF+ 50 1896356 +14 +14 
100 1901353 +21 +11 
150 1906364 +29 +22 
200 1911366 +29 +24 
250 1916377 +29 +35 


. 
. . ~ 


2001495 +158 +153 +1.6 


The columns are defined as in Tables VII and VIII, with Cols. II and IV being 
the two sets of readings BA— and BA-+-, respectively. Col. V is the correction to 
the slidewire in parts of a slidewire unit. With a slidewire unit = 0.0001 volt, if 
the error found is 0.00003 volt, then the correction is 0.3 of a slidewire unit. 


Table X—Calibration of Standard-Cell Dial on 
K-2 Potentiometer 


Difference, 


Standard-cell dial microvolts 


URS reading 


2009086 

2009487 401 
2009883 396 
2010285 402 
2010684 399 
2011084 400 
2011489 405 
2011880 391 


10176 
10180 
10184 
10188 
10192 
10196 
10200 
10204 


Table Xi— Calibration of Factor Switch on K-2 
Potentiometer 


Factor switch setting 1 0.1 


STD CELL — 
STD CELL+ 


1275553 
114627 


1275487 

114637 
Potential point difference, Ds 1160926 | 1160850 
EMF — 
EMF + 


1959006 
124908 


308309 
124899 


EMF potential point difference, | 1834098 183410 


Dg 


Factor 0.1 correction: (Da/Dwe)(Dge/Dg) == (1160926/1834098) (183410/1160850) 
= 0.1000067 


Factor 0.01 correction: (Ds/De)(De/Ds) = (1160926/1834098) (18339/1160846) 
= 0.00999961 


“0.01”. The actual values are worked out under the table, 
using a desk calculator. Factor 0.1 correction is 67 ppm 
and factor 0.01 correction is —39 ppm. 

A second test is made with connections reversed. This 
shows 50 ppm and —89 ppm for the 0.1 and 0.01 correc- 
tions, respectively. The actual corrections used are (with 
uncertain digits dropped): 1— 0.00000; 0.1— -+-0.00006; 
0.01— —0.0001. Experimental errors in the 0.01 factor 
measurement may amount to 100 ppm. Hence, the correction 
is given to the nearest 100 ppm figure. 





Table Xil—Calibration of First Dial on 
Feussner-Brooks Potentiometer 


Potential points, 
dial settings URS readings 





N—- 0921116 

1018999 
N+ 1940115 (URS direct read.) 
x+ 2021121 
x— 2021121 


0 2021121 


Error, microvolts 
1921114 +7 
1821115 +6 
1721117 +4 
1621118 +3 
1521120 +1 


221118 
121117 


Table XitiI—Corrections on First Dial of 
Feussner-Brooks Potentiometer 


Potential points, 
dial settings 


Dial corrections, volts 


N-— 1018999 
(direct reading) 

N+ 

xX+ 


Table XIV —Calibration of Second Dial of 
Feussner-Brooks Potentiometer 


Dial settings 
xX +,0 2021121 
1 2031121 
2 2041120 
3 2051121 


URS readings 


Error, microvolts 


2111123 





potentia 
points 





Fig. 16 
ometer. 


The question now arises as to how to use the corrections. 
For example, suppose the factor switch is on 0.1, the main 
dial reads 0.5, and the slidewire reads 473.0. The true 
emf, E, is given by 


E=F(1 +d) [R +c + 0.001(Rg + ¢g)] 

E=0.1(1 + 0.00006) [0.5 — 0.00009 + 0.0001 
(473.0 + 0.7)] 

E = 0.054731 volt 


where 


F = factor setting c= main dial error 


d = factor error Ry, = slidewire setting 


R=main dial setting Cg = slidewire error 
Corrections for other points may be carried out in a similar 
fashion. 

The procedure for calibrating a Wolff-type Feussner- 
Brooks potentiometer follows exactly. All dials are of the 
decade type and there are neither slidewires nor factor 
switches. Hence, the type of calibration is that used for 
the main dial in the previous discussion. The starting 
method is exactly the same, but the initial settings on the 
universal ratio set are now slightly different. 


1. Referring to the circuit diagram of Fig. 16, note that a 
rheostat must be added in order to make the potentiometer direct 
reading. (The particular Feussner-Brooks model described here 
does not have a rheostat incorporated.) This rheostat should 
be set at approximately 1100 ohms. The standard-cell dial (called 
a Brooks decade by Wolff) is set at 1019000. Since the universal 
ratio set used is a 6-dial unit, there will be no need for interpola- 
tion. The connections are made from the positive terminal of 
the battery to the A’ terminal of the ratio set; from the negative 
terminal of the battery through the rheostat to B’; the battery 
(about 4 volts) is connected across A’-B’. The galvanometer is 
connected between C and the potential point, Connecting first 
to N+, the reading on the URS should be in the vicinity of 
1940000; at N— the reading will be about 921000. By starting 
with N—, when balance is obtained a good approximation is 
obtained by adding 1019000 to the N— reading. Then the trial 
and error adjustment is continued until the difference between 
N+ and N— is 1019000. Reverse the terminals on the ratio 
set by interchanging A’ and B’. Check N+ and N— again. 

2. Follow the same procedure with Uy+ and U,—. Here it will 
be found that the balance point for the galvanometer is approxi- 
mately 2021121 and the difference between Uy+ and U,y— 
should be no more than 1 or 2 divisions on the last dial. Once 
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these measurements have been checked by reversing the terminals 
as before, the calibration of the first dial may be started, The 
results are shown in Table XII. (The corrections shown here 
include the tests with the connections reversed.) 

3. The terminals on the ratio set were reversed and the test 
made again. The final results (with only corrections listed) are 
shown in Table XIII. 

4. In precisely the same manner, leaving the first dial at 
zero, the second dial was checked, starting again at the X— 
terminal. The results are shown in Table XIV. 

5. The third dial was also checked in the same way. An 
individual tabulation will not be given, but only the final tabu- 
lation of the errors for all dials. They would compose the final 
calibration data, Table XV. The corrections on the remaining 
dials were too small to be of consequence in making measure- 
ments within the range of this instrument. However, if voltage 
measurements below 0.01 volts are to be made and high precision 
is required, the thermal effect cannot be ignored, [Usually if 
a large number of measurements in the 10 millivolt or lower 
range are to be made, a different type of potentiometer should 
be used. (8) ] 

6. The equation used for making corrections is 


Uy=U, + ¢, + U,+e,+U,+¢,+U,+¢+ U, + ¢; 


where 
U, == unknown emf 
U,,U,,U,, etc. == setting of Ist, 2nd, 3rd, ete., dials, respectively 


Cy:CoxCgp Ct. == errors of Ist, 2nd, 3rd, etc., dials, respectively 


If the reading on the potentiometer dials is 37458 X 10> (this 
is the actual set-up of the dial on a Wolff Feussner-Brooks poten- 
tiometer), then the true value of the voltage to be determined is 


Uy = 0.3 + 0.00001 + 0.07 + 0.004 + 0.0005 + 0,00008 
(noting that c, = c, = c, = c, = 0 for this unit) 


Uy = 0.37459 volts 


If the potentiometer is being used in a range where there are 
no listed corrections, and if it is desired to make the readings as 
conservative as possible, an error up to 5 microvolts could be 
assumed; all errors combined were actually less than 5 microvolts. 


There are, of course, many other types of instrument 
potentiometers. It seems reasonable to assume that with this 
discussion, plus some thought and ingenuity, most types 
could readily be calibrated. It might be worthwhile to dis- 
cuss the difference between calibration and checking. As a 
rule, a reliable manufacturer gives test information with the 
instrument sufficient for the user to make satisfactory correc- 
tions. However, most users want to know if the instrument, 
on receipt, is working properly. This is very easy to deter- 
mine by using the simple potentiometer check outlined at the 
beginning of this section. But if a point-by-point calibration 
of the potentiometer is required, such as has been discussed 
in this section, then some study may have to go into the 
problem or the instrument will have to be sent to a calibra- 
tion laboratory. 

Regardless of the potentiometer under calibration, some 
general precautions should be taken: 

1. The universal ratio set corrections must be taken into con- 
sideration in the calibration of the potentiometer. 

2. If a 5-dial set is used, interpolation will be necessary. 

3. All switches and connections must agree. When potential 
points are being checked, the connections must be made to the 
proper EMF terminals, and so on. On the Wolff potentiometer 
the galvanometer shunting dial must be on N-O for N readings 
and X-O for X readings. 

4. The galvanometer must be shorted; the galvanometer key or 
switch should always be on the fine setting. 

5. The standard-cell dial should remain on 1.019000 except 
when that dial is being checked. 

6. The rheostat setting for “direct reading” is about 1100 ohms. 
Once the direct-reading conditions have been reached, the battery 
rheostat should be left alone except when making factor tests 
on the L & N K-type potentiometer. 

7. All connections should be clean and tight. 
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Table XV—Corrections for Entire Feussner-Brooks 
Potentiometer 


SSS 


Settings, first dial 


Corrections, volts 


0.00000 
+0.00001 
+0.00001 
+0.00001 

0.00000 


+0.00001 


” 


” 
+0.00001 


SS 


Beyond these, good laboratory practice should be used. 
There are still many points to be covered in the calibration 
and use of the basic test equipment of a standards laboratory. 
Even such familiar devices as Wheatstone and Kelvin bridges, 
instrument potentiometers, volt and shunt boxes take on new 
significance when accuracies of 0.01 per cent and higher are 
being considered. A subsequent article will discuss the cali- 
bration of Wheatstone and Kelvin bridges, the measurement 
of resistance, current and voltage, the use of temperature 
bridges, voltage dividers and specialized potentiometers, and 
the calibration of volt and shunt boxes. It is only in the last 
five to ten years that many ef these instruments have come 
into such widespread use, and hence the need for information 
about them has greatly increased. O00 
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Multiple-Filter Spectrum Analyzers 
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A MULTIPLE-FILTER spectrum analyzer, 
capable of analyzing a wide frequency 
band, is a device for the identification 
of transient signals. It is composed of 
a set of bandpass filters accurately 
spaced a bandwidth apart over the de- 
sired frequency range and combined 
with a fast switching device to sample 
the outputs of the filters. Electronic 
and crystal filters proved too bulky 
and expensive for this purpose, and 
compact, reliable filters—namely, me- 
chanical filters with magnetostrictive 
coupling—had to be developed for this 
application. 


Magnetostriction Filters 


The term magnetostriction applies to 
the change in dimensions of a ferro- 
magnetic material accompanying 
changes in magnetization. For most 
purposes, the longitudinal change is 
the most important, but it should be 
noted that volume and _ transverse 
changes also occur. By using multi- 
element devices, one can obtain sharp 
skirts on the response characteristic 
(60 to 6 db ratio of two to one). 
Building filter arrays using these multi- 
element devices presented difficulties; 
therefore, a family of single-element, 
longitudinal-mode filters with a re- 
sponse characteristic of 6 db per band- 
width octave were developed. The filter 
consists of a small ferromagnetic rod, 
two support washers located at the 
vibrational nodes of the rod, and drive 
and pickup coils. The filter is mounted 
in a silver-plated brass tube with an 
OD of 0.225 in. and a length of 2 to 6 
in., depending on the resonant fre- 
quency. Two small permanent magnets 


provide a steady bias field. (A single 
filter and a bank of ten filters are 
shown in Fig. 1.) 

When an alternating current is ap- 
plied to the drive coil it creates a 
magnetic field and strain waves prop- 
agate down the length of the rod 
and reflect from the end. The rod is 
said to resonate when the driving 
frequency is such that the strain waves 
reinforce. The mechanical motion is 
converted to electrical energy in the 
pickoff coil. The response curve of the 
single-element rod filter is similar to 
that of a single-tuned circuit with the 
bandwidth doubling every 6 db of 
attenuation (this curve is shown in 
Fig. 2a). The output coils of two, or 
three, filters can be summed in series 
or parallel with the resulting response 
curve doubling every 12 db, or 18 db, 
respectively (these curves are shown in 
Figs. 2b and 2c). Dual or triple filters 
are used when it is desirable to im- 
prove the frequency resolution of a 
system. 

The resonant frequency of the rod 
filter is a function of the harmonic of 
operation, n, the length of the rod, L, 
and the velocity of sound in the reson- 
ating material, V. The resonant fre- 
quency of the rod filter is given by 


nV 
~ 2 
The rod filters can be readily fab- 


ricated for operation at either the 
(Continued on page 239) 


Fig. 1 — Single-element filters. Below, single 


filter; right, bank of ten filters. 
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Fig. 2— (a) Single-filter response curve. 
(b) Dual-filter response curve. (c) 
Triple-filter response curve. 
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second or fourth harmonic. The typical 
error in the calculated resonant fre- 
quency of a given filter is approximate- 
ly 0.3 per-cent, introduced primarily 
by non-uniform mass distribution along 
the resonant element. The resonant 
frequency of the rod filter can be ad- 
justed or “tailored” about +0.2 per 
cent from its initial value by removing 
a small amount of material from the 
rod. If the material is removed near 
the nodes, the frequency is lowered; 
if the material is removed near the 
anti-nodes, the frequency is increased. 
The preparation of filters for a given 
set of specifications requires that extra 
filters be fabricated in order to cover 
the desired frequency range without 
gaps. 

The longitudinal-mode filter design 
can be fabricated to operate at reson- 
ant frequencies from 45-300 ke. Al- 
though filters have been built ranging 
from 20 to 450 ke, the rod proved too 
long for convenience below 45 kc, 
while, above 300 kc, the resonant ele- 
ment is short and the drive and pickup 
coils are too close together. It is, there- 
fore, impossible to get enough isola- 
tion for satisfactory dynamic range. 

The temperature coefficient, 7, of the 
rod filter is defined as: 

T -th 

fo At 
where f, is the resonant frequency and 
Af, is the shift in center frequency 
over the temperature range At. The tem- 
perature coefficient of the filters is less 
than +8 X 10°* deg C over the range 
of —60 to +-80 C and may be much 

smaller in special cases. 


Fig. 3— Commutator assembly of spec- 
trum analyzer. 


lf a filter with a center frequency of 
100,000 cps at ambient temperature 
(+20 C) shifts a positive 5 cycles at 
a temperature rise of 20 C, the tem- 
perature coefficient is determined as 
follows: 


-(s)et) 


1 5 
9 


= 700,000 * 30 


T = 2.5 ppm/deg C 


lf a bank of 100 filters spaced 8 cps 
apart starting at 100 ke experiences 
this 20 C temperature increase, the 
center frequencies would track; this 
means that the filters would all shift 
frequency in the positive direction (to 
within approximately +0.5 cps). In 
the Rayspan spectrum analyzer, audio 
signals are translated up to the filter 
frequencies by mixing with a local 
oscillator whose frequency is con- 
trolled by a magnetostrictive element 
with the same temperature coefficient 
as the filters; therefore the effective 
frequency shift of the system is negli- 
gible. 

The Q of the magnetostrictive rod 
filter is defined as: 


_f 
“7. 
where fo is the resonant frequency of 
the filter and Af is the half-power band- 
width. The main factor determining 
the bandwidth of the magnetostrictive 
rod filter is the mechanical loss factor 
or the internal friction of the resonant 
element. 

The single-element filter has several 
desirable characteristics: 


Q 


1. The filter center frequencies can 
be accurately spaced over a wide fre- 
quency range (up to 35 kc) while 
maintaining constant filter bandwidths. 

2. The filters can operate over a 
wide temperature range (—60 to +80 
C) with a temperature coefficient of 
less than +8 ppm/deg C over the 
entire range. 

3. An array of filters will track over 
the above-mentioned temperature range 
to within a few cycles, 
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4. The filters are compact and there- 
fore lend themselves to assembly in 
large arrays (see Fig. 1). 

5. A variety of bandwiths, as re- 
quired by specific needs, is available. 


Spectrum Analyzer 


The Rayspan spectrum analyzer is a 
frequency analyzer designed to operate 
over the audio range (20 cps to 20 kc) 
and up to 100 kc. The various models 
of the analyzer employ either 100 or 
420 filter elements. The bandwidths of 
the filters in a given analyzer are con- 
stant, but in different models may be 
10, 32, or 100 cps. A 420-filter analyzer 
using 10-cps filters spaced 8 cps apart 
can be used to analyze any 3.36-kc 
band between 20 cps and 20 ke. The 
frequency resolution of the unit is 25 
cps. (Resolution is defined here as the 
minimum frequency separation between 
two equal-amplitude signals that will 
give separate responses with a valley 
of approximately 6 db between them.) 
The obvious advantage of wide-band- 
width filters is that a large frequency 
band can be covered simultaneously— 
for which, however, frequency resolu- 
tion is sacrificed. In the 32-cps filter 
analyzer, the filters are spaced 25 cps 
apart; thus the 420-filter analyzer 
(shown in Fig. 3) covers approximately 
10.5 ke in one band with a frequency 
resolution of 75 cps. 

A block diagram of the spectrum 
analyzer is shown in Fig. 4. A com- 
plex input signal is applied to the 
analyzer and mixed with a translating 
oscillator to bring the input signal up 
to the filter frequencies. The operating 
frequency of the filters is in the 
vicinity of 85, 170, or 270 ke (depend- 
ing on filter bandwidth). The trans- 
lating oscillator in the 32-cps-filter 
Rayspan is set 50 cps below the fre- 
quency of the first filter in the array. 
Mixing with this oscillator provides 
analysis from 50 cps to 10.5 ke. An 
external oscillator may be used for 
analysis of other bands within the in- 
strument range (50 cps to 50 kc). The 
translated signal is simultaneously ap- 
plied to all the filters in the array and 
the filter outputs are sampled in se- 
quence by a high-speed capactive com- 
mutator. The entire bank of filters is 
sampled as often as 100 times per sec. 
After sampling, the filter outputs are 
applied to a three-stage amplifier, de- 
tector, low-pass filter, and cathode 
follower. The resulting output signal 
of the instrument consists of positive 
pulses suitable for presentation on any 
standard oscilloscope. A trigger pulse, 
generated by a magnet passing a pulse 


coil, provides scan-by-scan synchroniza- 
tion of the capacitive switch and the 
oscilloscope trace, allowing a linear 
frequency presentation. 

(Continued on page 240) 
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Fig. 4— Block diagram of spectrum 
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It should be noted that the sampling 
is done after the filtering. Therefore, 
the only limiting factor in analyzing a 
transient signal is the build-up time of 
the filter. The build-up time, 7, is de- 
fined as: 


l 
wAf 


where Af is the half-power bandwidth 
of the filter. 

The most important characteristics 
of the Rayspan multiple-filter spectrum 
analyzer are: 

1. It analyzes pulses and transients 
(lost by a sweeping-gate analyzer) by 
increasing the scanning 
speed by the number of filters used 
(100 or 420). 

2. It is able to distinguish weak 
signals (often lost by the conventional 
analyzer) 


maximum 


by reducing noise by the 
ratio of the width of the one filter being 
sampled at any instant to the width 
of the entire spectrum; i.e., by a factor 
of 100, or 420, 
model used. 

3. It provides linear frequency re- 
solution over the entire band being 
analyzed. 


depending on the 


Applications 


The analyzer has proved an excellent 
tool for speech therapy; it can -in- 
stantaneously break up the complex 
sounds of the human voice into fre- 
quency components and display this 
sound analysis on an_ oscilloscope, 
where each different sound will pro- 
duce a distinct pattern. A person suf- 
fering from speech defect or deafness 
can observe a visual presentation of any 
sound on the oscilloscope, and he can 
match the sounds he formulates him- 
self visually to the pattern. 

As it takes several minutes to an- 
alyze completely the frequency spec- 
trum of interest, a multiple-filter an- 


Fig. 1 


Close-up of head of Malcomatic Electro-Crimp machine 
shows crimping dies which determine pull strength of crimped 
connection. Jaws and anvil are designed to meet customer re- 
quirements and then sent io customer for use on his own 


alyzer is necessary in order to record 
and visually present the entire sound 
picture simultaneously and make possi- 
ble an immediate comparison of the 
sound produced with the correct-sound 
picture. O00 


Pulse-Current 
Sampling Transformer 


The IST series of current-sampling trans- 
formers delivers synchronizing voltage 
pulses from high-current pulses of up to 
175 amp. A current-carrying conductor is 
passed through a hole in the transformer. 
The voltage pulse developed by the trans- 
former has the same shape as the high- 
current pulse and may be used for syn- 
chronizing purposes in other portions of 
a system or for measurement of the cur- 
rent pulse. Valor Instruments, Inc., 13214 
Crenshaw Blvd., Gardena, Calif., provides 
these transformers in ratios from 20:1 to 
150:1 and pulse widths from 0.4 to 3.0 
usec at 50 volts. Inductance is 0.12 to 6.0 
mh, while optimum load is 50 to 500 
ohms, depending upon transformer model. 


Solderless Electrical 
Connector Strength 
Tester 


IN ORDER TO PROVIDE a standard, re- 
producible solderless-terminal pull test, 
Hunter Spring Co., Lansdale, Pa., has 
developed a tester for use by Malco 


Fig. 2 


of Chicago, 


connectors and 


Manufacturing Company 
maker of crimped 
solderless terminals. 

Pull strength of crimped terminals 
is highly variable, being affected by 
type of terminal, size and type of wire, 
thickness and composition of wire in- 
sulation, and upon the shape of the 
crimp itself. Geometry of the crimping 
dies is varied to meet the customer’s 
terminal tensile-strength requirements. 

Depth of the crimping jaw and 
radius of the grooved anvil (Fig. 1) 
suitable for the wire size to be used 
is determined by the user. To estab- 
lish these adjustments, tests are run 
with samples of the wire and connec- 
tors to be used in the customer’s actual 
production operation. When proper ad- 
justment is achieved, the dies (anvil 
and jaws) are sent to the customer 
for use in his crimping machine. 

The gage used for making the tests 
has a capacity of 50 lb and an ac- 
curacy of +14 |b. A notched turret 
head accepts a 
wire sizes. A compressed-air motor 
operates jaws which grip and pull the 
free end of the lead wire, Fig. 2. An 
adjustable speed control provides the 
desired rate of pull. 

Reproducibility of the test is such 
that the user may compare reported 
results with those obtained on his own 
Hunter Terminal Pull Tester. 

Other models of the tester provide 
force-measuring ranges from 0-20 to 
0-500 lb. Air pressure (in psig) re- 
quired by the tester is one-fifth full 
scale reading of the force gage. OOO 


variety of common 


Flexible Automatic 
Testing Systems 


ADVANCED MULTI-PURPOSE test equip- 
ment that will automatically check out 
the components of current Army mis- 
sile systems has been sucessfully de- 
monstrated by Radio Corporation of 
America to officials of the U. S. Army. 
In the demonstration, the equipment 
checked out a subsystem of the Hawk 


crimping machine. Continuous terminal strip feeds from right. 
When the wire pulls loose from the crimped connec: 
tor, the dial indicator hand holds the force reading at failure. 
It may be reset to zero with the button at left of the dial. 


wd 
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OVER 50 ACTIVE 
STANDARD MODELS 


Solid achievement in solid-state 
design. Kepco’s 14 years of specialized 
experience continues to set the 
standard for the “State of the Art” in 
voltage regulated power supplies. 


MODEL ourpuT ourPuT REGULATION 
VOLTS AMPS. 
_$C-32-0.5 0-0.5 
__ $0-32-1 
__$C-32-1.5 
2SC-32-1.5 
Dual Output 
__96-32-2.5_ 


Stim —f 238 —P 10 — $ OO 19% 


__S$C-32-15A 

___SC-60-2 

__$C-60-5 
2SC-100-0.2 

_ Dual Output 

_$C-150-1 
SC-300-1 0-300 


__SC-18-0.5 ff 0-18 
_ $C-18-1 || 0-18 
_SC-18-2 ft 0-18 


—eues 35 — 0.1% 


__SC-36-1 
__SC-36-2__ 


_SC-3672-0.5. 
SC-3672-1 


PSC- 5-2 
"PSC-10-2 


—peciea —Tiasirs fez | Cy Cyadog, 


PSC-28-1 


~ PS§C-38-1 


TE _ LSE LESE | 0.19 


0-600 ma. 
— $R12-50 0-50 } 1 
SR28-50 0-50 O o 
SR48-30 0-30 r Fe 


For complete specifications 


5, N.Y. © IN1-7000 The 
TWX # NY 4-5196 ee 
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missile, containing 115 components and 
17 electron tubes, in five minutes. This 
compares with 240 minutes for a man- 
ual check of the same equipment. 
When a fault was introduced into the 
system, the equipment was able to iso- 
late the faulty component in another 
two and one-half minutes. 

Although the system demonstrated 
to the Army was developed for missile 
systems, its basic design makes it ap- 
plicable to a high percentage of elec- 
tronic equipment in the defense arse- 
nal. It is expected that the same con- 
cepts may eventually have civilian 
applications in the automatic testing 
of such diverse products as automotive 
engines and color TV sets. 

RCA’s multi-purpose test equipment 


Complete Testing 
of Magnet Wire 


HARRIS SHAPIRO 

Assistant Division Manager, Engineering 
and 

NEIL T. BONNER 

Quality Control Manager 

Electro Dynamic Division 

GeneraL Dynamics CorRPORATION 
Bayonne, New Jersey 


RELIABILITY in products using magnet 
wire demands painstaking wire selec- 
tion and evaluation, which can only be 
accomplished through complete and de- 
tailed wire testing since similar proper- 
ties are claimed for various forms and 
types of insulation. Recently, for in- 
stance, there has become available an 
increasing and often confusing variety 
of Classes B and F enamels for wire. 
When the first Class B wire enamels 
were made available, Electro Dynamic 
discovered serious flaws in samples and 
lots of magnet wire, including poor ad- 
hesion, variation in enamel thickness 
resulting in low dielectric strength, and 
poor resistance to mechanical wear. 
These difficulties led to a program for 
the development of wire-testing methods 
and equipment which has been success- 
ful in drastically decreasing troubles 
traceable to magnet wire and in provid- 
ing a basis for confidence in the design 


»— 


Fig. 1 (top)—The “twist” fabricator is 
used to prepare uniform samples for di- 
electric testing of magnet wire. Fig. 2 
(bottom) — Automatic dielectric break- 
down tester. 
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is divided into two categories: Digital 
Evaluation Equipment (DEE) to test 
electrical and electronic components, 
and Mechanical Evaluation Equipment 
(MEE) to test the mechanical, hy- 
draulic and pneumatic functions. Each 
of the two types of compact, transis- 
torized equipment can be rackmounted. 
The two units operate individually or 
can be integrated to function as one 
system. 

The digital evaluation portion of the 
equipment demonstrated uses magne- 
tic tape for storage of test information 
and digital computer techniques for 
programming, switching and evaluation 
of test results. A feature of the test 
equipment is a typewriter which spells 
out the results of the test. If a fault 
is discovered, the printer tells the 
operator exactly where the fault is 
located and what to do about it: for 
example, “Resistor R-137 shorted. Re- 
place with ORD Part No. 6036947.” 
Any other pertinent logistics informa- 


tion can be pre-programmed to be 
written out at this point. 

The equipment provides a complete 
dynamic test, with the unit under test 
operating at full power. It is more than 
a programmer and comparator, in that 
it features integrated stimulus genera 
tors that are programmed to the re 
quirements of the system. All elec- 
trical characteristics are measured, in- 
cluding pulse and waveform analysis. 
Versatile and flexible in design, the 
equipment is based on the building- 
block principle. Each unit is housed 
in a drawer-type enclosure of which 
there are five basic sizes. Thus, altera- 
tions required to adapt the equipment 
to a particular type of test are easily 
accomplished by interchanging units. 
All units are compatible, both elec- 
trically and mechanically. Operation 
of the mechanical evaluation equip- 
ment (MEE) is based on the study of 
many types of pneumatic and hydraulic 
components. O00 
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For General Purpose 
DC Recording — Model 320 


For recording tavo variables 
simultaneously, the Model 320 
provides a versatile, 
transistorized amplifier for each 
input signal. The rugged 2- 
channel recorder assembly has 
heated stylus recording on 
two 50 mm wide rectangular 
coordinate*channels, 4 
pushbutton chart speeds, and 
6 inches of visible chart. 

The Recorder can-be pyaced 
vertically, horizontally 

or ata 20° angle. 


MODEL 320 SPECIFICATIONS 
Sensitivity: 0.5, 1, 2, 5, 10, 20 mv/mm and 
v/cm 
Frequency Response: 3 db down at 125 cps, 
10 mm peak-to-peak 
Common Mode Voltage: +500 volts max. 
Common Mode Rejection: 140 db min. DC 
Calibration: 10 mv internal =1% 
Output Connectors for each channel accept ex- 
ternal monitoring 'scope or meter 
Price: $1495 


NEW SANBORN PORTABLE DIRECT WRITING RECORDERS 
FOR IN-PLANT, LABORATORY OR FIELD RECORDING 


Two models of this 21 lb. brief case 
size recorder are available — Model 301 
for AC strain gage recording, Model 299 
for general purpose DC recording. Both 
provide immediately visible, inkless 
traces by heated stylus on 40 division 
rectangular coordinate charts... 
frequency response to 100 cps... 5 and 
50 mm/sec chart speeds... approx. 

4 inches of record visible in top 

panel window. 


single channel 


MODEL 301 SPECIFICATIONS 

The amplifier section of the Model 301 is an all- 
transistorized carrier type with phase sensitive 
demodulator. The power supply and internal 
oscillator circuits are also transistorized. 
Sensitivity: 10 uv rms/div (from transducer) 
Attenuator Ratios: 2, 5, 10, 20, 50, 100, 200 
Carrier Frequency: 2400 cps internal 
Transducer Impedance: 100 ohms min. 
Calibration: 40 uv/volt of excitation 
Output Connector: for external’ monitoring 

"scope or meter $? 
Price: $750 


MODEL 299 SPECIFICATIONS 
Combines the dependability of transistors with 
the high input impedance of vacuum tubes for 
reliable broad-band DC recording. 

Sensitivity: 10, 20, 50, 100, 200, 500 mv/div 
and 1, 2, 5 and 10 v/div 
Input Resistance: 5 megohms balanced each 
side to ground 
Common Mode Voltage: 2.5 volts max. at 10 
mv/div sensitivity increasing to +500 voits 
max. at other sensitivities 
Common Mode Rejection: 50:1 most sensitive 
range 
Calibration: 0.2 voit internal +1% 
Output Connector: for external monitoring 
"scope or meter 
Price: Model 299 (with zero suppression) $700 
Mode! 299A (without zero suppression) 
$650 


All prices are F.0.B. Waltham, Mass., within continental U.S.A. 
and are subject to change without notice. 


Contact your Sanborn Sales- Engineering representative for complete information, or write 


NYOSNVS 


the main office in Waltham. Sales-Engineering representatives are located in principal cities 
throughout the United States, Canada and foreign countries. 


SANBORN S@W COMPANY 


INDUSTRIAL DIVISION 175 Wyman Street, Waltham 54, Mass. 
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new light on 
high-speed 
photography 


Now Dynafax Camera sequences can be 
perfectly illuminated from start to finish 
—all 224 frames emerge from processing 
with an exactly uniform density. Availa- 
bility of the Beckman & Whitley Model 
357 Electronic Flash Unit makes this not 
only feasible but routine. 


Developed and produced specifically to 
match the operating parameters of the 
Dynafax, the new unit delivers 1200 watt 
seconds in a single square pulse of cold 
light which is controllable over the range 
from 8.6 to 22.3 milliseconds. These per- 
iods are equal to the total writing times of 
the camera from 26,000 frames per second 
down to 10,000 frames per second. 


Synchronization of the flash unit with 
the event being photographed is easily 
accomplished through the versatile trig- 
gering facilities included in the Model 357 
— either make or break circuits, a positive 
pulse, or light striking a photoelectric 
cell. For focusing and light arrangement, 
the unit can be set to provide a 60-flash- 
per-second modeling light. The complete 
unit comes in a sturdy glass-fiber carry- 
ing case matching that which houses 
the Dynafax itself. 


Professional opportunities exist in 
the Instrument, Missile Products, and | 
Research & Development divisions of | 
the company. You are invited to send 
a resume to the personnel manager, 
Gordon Wheeling. 


Beckman ¢ Wa | 


SAN CARLOS 11,CALIFORNIA, U.S.A. 
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specification of magnet wire and _ its 
insulation. 

The tests adopted, and for which the 
equipment was developed, are in ac- 
cordance with standards established by 
the ASA and the ASTM. Figure | shows 
a fabricator for wire “twists” to be 
exposed to the dielectric 
test. In this, the wire sample is pre- 


breakdown 


pared by twisting a given size wire a 
specified numbers of turns under con- 
trolled tension. The sample twist of 
wire is then transferred to the auto- 
matic dielectric breakdown tester, Fig. 
2. The purpose of this test is to evalu- 
ate the electric strength of the insulat- 
ing film on the wire itself. The two free 
ends of the sample are each set in a 
which the 
high-voltage contacts are connected, A 


small pool of mercury to 


60-cycle voltage of substantially sinus- 
oidal is applied 
the two wires. The voltage, starting at 


wave form between 
linear rate of 
until 
the breakdown volt- 
age reading then remaining fixed on 
the instrument. The maximum voltage 
output of the unit is 20,000 volts. 

In the copper softness tester, Fig. 3. 
the wire is affixed to a mandrel having 
a diameter depending upon wire size 


zero, is increased at a 
approximately 500 volts per sec 


breakdown occurs 


and type of insulation. Three turns are 
the mandrel. 
The suspended weight is then removed 
from the wire end and the sample al- 
lowed to assume its unrestrained posi- 
tion. The behind the mandrel 
gives an indication of the amount of 
“spring” in the wire. Should the degree 


automatically wound on 


scale 


of spring-back exceed the values listed 
in the specification, the wire is rejected. 
This test is valuable 
sional stability 


because dimen- 


cannot be maintained 


Fig. 4 
breaking point. 


I 


: 


Fig. 3 — Copper softness tester. 


in a finished coil if the spring is ex- 
cessive. It also insures easier handling 
and fitting of the coils into motor stator 
slots during winding. 

The magnet-wire elongator, Fig. 4, 
is designed to elongate a_ten-inch 
sample of copper wire up to 50 per 
cent at a rate of slightly less than 1/5 
{ft per min. It will operate satisfactorily 
on wire sizes from number 12 up to 
and including number 42 AWG. It is 
automatically operated and the sample 
will stretch until the breaking point, 
at which time the unit will stop auto- 
matically, indicating percentage elon- 
gation at rupture. This test checks the 
physical properties of the wire and the 
breaking point of the wire insulating 
film. Figure 5 shows a snap elongator, 
which gives an indication of adhesion 
of the insulating film to the magnet 


Device for stretching wire at a predetermined rate and measuring the 
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Which of these 


APPLICATION f= 
NOTES 


can help you? 


WAVES ON TRANSMISSION LINES 
SQUARE WAVE AND PULSE TESTING 
INTRODUCTION TO SOLID STATE DEVICES 
MICROWAVE STANDARDS PROSPECTUS 
BASIC MICROWAVE MEASUREMENTS 


CONVENIENT METHOD FOR MEASURING 
PHASE SHIFT 


MEASUREMENT OF CABLE 
CHARACTERISTICS 


AC CURRENT MEASUREMENTS 
SAMPLING OSCILLOGRAPHY 


MONITORING A RADIO TRANSMITTER 
SIGNAL WITH AN @ 120A OR 
130B OSCILLOSCOPE 


MICROWAVE MEASUREMENTS 
FOR CALIBRATION LABORATORIES 


STANDARDS CALIBRATION 
PROCEDURES 


HEWLETT-PACKARD ELECTRONICS 
INSTRUMENTATION FOR 
TRANSDUCER APPLICATIONS 


The above involve both theoretical and “‘how to doit” information, “Me 
illustrated, complete, designed for swift practical application to 
your problem. These and all other @ APPLICATION NOTES are 
available by calling your @ representative, or writing @ direct. 

No charge, no obligation. 


HEWLETT-PACKARD COMPANY 


1024M PAGE MILL ROAD © PALO ALTO, CALIFORNIA, U.S.A. 
CABLE ‘‘HEWPACK"’ * DAVENPORT 6-7000 
HEWLETT-PACKARD S.A., RUE DU VIEUX BILLARD NO. 1, GENEVA 
CABLE ‘‘HEWPACKSA"’ TELEPHONE (022) 26. 43. 36. 
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Adjustable, regulated 


ac voltage supply 


for lab and test work 


The AC Solavolt is an excel- 
lent source of stable voltage 
for laboratory and general 
shop use. Its output is fully 
adjustable from 0 to 130 
volts. At all levels, the out- 
put is regulated within +1% 
for line voltage variations 
between 100 and 130 volts. 
Response time to varying 
line voltage usually is 1.5 
cycles or less. 


Because the Solavolt’s 
regulated output has less 
than 3% total rms harmonic 
content, the unit is well- 
suited for instrument cali- 
ration, testing, or any op- 
eration involving rectifiers 
or other elements which are 
sensitive to wave shape. 


In addition to two ad- 
justable output connections, 
the Solavolt has an outlet 
with output fixed at 115v. 
It is portable for bench use, 
or it may be mounted on a 
standard 19-inch relay rack 
or stacked in a tier with 
similar units. It is supplied 
with its own panel-type 
output voltage and current 
meters. 


Write for Bulletin 6E-CVL 


A DIVISION OF 
BASIC PRODUCTS CORPORATION 
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wire. The degree of adhesion of in- 
sulating films is important in testing 
of magnet wire. In order to obtain 
comparable and reproducible results, 
it is important that the adhesion study 
be made under conditions that can be 
duplicated. The wire to be tested is 
snap elongated so that the breaks are 
uniform from test to test on any given 
wire size. The sample is mounted as 
shown and rapidly snapped to the 
breaking point. The sample is then 
examined for any breaks or tiny rup- 
tures which may have occured in the 
insulating film on the wire. 

The repeated scrape abrasion tester. 
Fig. 6, tests the abrasion resistance of 
the insulating film, the uniformity of 


covering, and the thickness of the coat- 
ing. The test sample is mounted be- 
tween two current-carrying terminals. 
A steel needle is then placed on the 
sample and weights are placed on the 
scraper arm. A d-c voltage is applied 
between the copper conductor and the 
outside surface of the insulation. The 
wire is then scraped until a failure 
occurs, allowing a current to pass be- 
tween the wire being tested and the 
scraping needle. At this time, the unit 
will automatically stop and the number 
of scrapes will appear on the counter. 
After breakdown the sample is released 
from the terminals, rotated approxi- 
mately 120 deg and the test repeated. 
At the conclusion of this test the cycle 
is repeated a third time. The average 
and minimum number of scrapes are 
the criteria for acceptance. Should the 
values fall below those specified, the 
wire is rejected. 


Fig. 5 — Wire “snap elongator” for checking enamel adhesion. 


SOLA ELECTRIC CO., 4633 W. 16th ST., CHICAGO 50 | Fig. 6 — Wire-enamel abrasion tester. 
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PROVEN, DEPENDABLE ...REAR-PROJECTION TYPE 


DEON viertat visprays 


A Model and Size 
For Your Every 
Requirement 


Headquarters for 


DR eee 


High Voltage Breakdown 
Leakage Current Measurement 


of Assemblies, Components and Materials 


HYPOT® High Potential Test Sets provide 
accurate, direct-reading measurement of 
insulation leakage current for over-potential 
tests to applicable commercial and military 
specifications. 
Available are models supplying test poten- 
Series 80000 tials to 150 kv and higher. Optional features 
PRICES include automatic control for rate of test 
sore —— voltage rise, automatic test cycling and pro- 
256” high visions to meet every application. 
556” lon 
$18.00 eac 


Series 80000 
34%” wide 
5%” high Insulation testing at a-c potentials with separate indication 

$33.0 ” long of leakage current and insulation breakdown. Optional 

3.00 each features including audible “squawker’’ leakage current 
indicator with provision for external control circuits, meet 
needs of high production and automated test installations. 


Series 10000 
Series 120000 


OUTSTANDING FEATURES 


® All digits displayed on front viewing screen 
® All digits uniform in size and intensity 

® High-contrast viewing screen 

® Digit style of your choice Series 120000 
* Colored digits of your choice 1” wide 

® Individual units may be group assembled 144” high 


for panel mounting $35°00 cath 


WRITE TODAY FOR COMPLETE DETAILED SPECIFICATIONS | Quantity Prices 
On Request 


10 kv Insulation Testing . . Portable HYPOT® Jr. 


Model 404 HYPOT™" Jr. is designed for insulation testing of 
components, assemblies, and cables. Output variable 0 to 
4000 v o-c, read on 4/2" meter. Leakage limit light odjust- 
able from 0.3 to 3.0 ma. Arcing and corona signalled by 
separate indicator lights. Operates from 110-120 v, 50/60 
outlet. Measures 6”x 9" x 8'2". Weight is 20 Ibs. Net, 
complete ; ‘ $150.00 


Representatives in principal cities 


INDUSTRIAL ELECTRONIC ENGINEERS, Inc. 


5528 Vinetand Avenue, North Hollywood, Califor 


Circle 248 on Inquiry Card Insulation Leakage .02 mma to 10 ma.. Potentials to 30 kv 


Bench HYPOT™ Test Sets, a-c and d-c models, have outputs 
to 30 kv. Separate 42” meters for test voltage and leak- 
age current. Wide selection of models to meet specific 
applications. 

Model 424 Bench HYPOT* provides 0-5000 v d-c. For test- 
ing cables, condensers, coils, transformers, motors and 
complete assemblies. Measures leakage current from 0.1 
microampere to 100 microomperes over four scale ranges. 
Rapid testing of capacitors with output of 5 milliamperes 
under short circuit. Operates from 110-120 v 50/60 c¢ 
outlet with long-life selenium high voltage supply. Net com- 
plete $497.50 


Test Potentials 150 kv and up 


Mobile HYPOT® Test Sets offer potentials to 150 kv and 
higher. Power source and metering circuits in a single, 
mobile cabinet. Write for new HYPOT® Catalog. 


CT 
i a hee 


KANTHAL SUPER 


Unique molybdenum disilicide furnace 
elements outlast silicon carbide at least 
four to one above 2700°F, saving sub- 
stantially on down-time. For continu- 
ous or intermittent operation in oxidiz- 


Insulation Materials Tester... ASTM Specs. 
Fixtures for Tape, Film, Liquids and Solids 


Dielectric strength of materials determined to laboratory ee 
accuracy ... yet speed and simplified operation meet ; : 
needs for production and quality control applications. 


ing and most protective atmospheres. 
Elements operate to 3100°F (1700°C) 
when freely suspended or to 2900°F 
(1600°C) when supported horizontally. 


Kanthal Super does not age, and tem- 
peratures can be held without com- 
pensating adjustments. 


Kanthal Super elements are available 
separately and in furnaces from all 
prominent manufacturers. Write for 
list and brochure today. 


THE GV eave CORPORATION 


3 Amelia Pl., Stamford, Conn. 


et TP) Pe ee ee ee 
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Transparent test cage with safety interlocks is optional as 
well as automatic rate of rise control. Interchangeable fix- 
tures available for varnishes, porcelain, oils, solid filling 
compounds, paper, tope, acetate sheets, films, tubing and 
cloth. Prices start at $1175.00. Write for bulletin describ- 
ing the Model 4501 HYPOT* Materials Tester. 


NEW! 


Complete Catalog 


Write 
today! 


Write today for new “Manual on Insulation Testing’ des- 
cribing the complete range of HYPOT® Test Sets and 


VIBROTEST® Resistance Measuring Instruments. 


A IATED RESE Alp 
re po 


CHICAGO 18, ILLINOIS 


4—35.5 


“Electrical Testing Instrumonts Since 19346" 


3794 W. BELMONT AVENUE * 
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WOULD YOU 
LIKE TO KNOW... 


@ a machine is productive or idle? 
@ a circuit breaker opened or closed? 
@ a control system acts? 


@ a machine is idle? 
@ a power outage lasted ? 
@ a rubber or plastic molding cured ? 


@ telephone calls are made? 


@ bottles are filled by an automatic 
machine ? 


@ articles are made by a screw 
machine ? 


a 
ee ] 


Let an Esterline-Angus Event Recorder 
give you written, permanent, indisputable 
answers to these and a host of other im- 
portant questions that help control proc- 
esses, improve operations and protect 
your plant. Available with as many as 20 
pens writing simultaneously. 


Send for Bulletin 1156 A. 
The 


ESTERLINE-ANGUS 


Company 
No. 1 in fine Recording Instruments 
for more than 50 years 
DEPT. T, BOX 596, INDIANAPOLIS 6, INDIANA 


¢ 
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| over range of 





LITERATURE for the 
Design Engineer 


(/l-new listings of manufacturer's literature just off the press 


including catalogs, manuals and other reference publica- 


tions relating to test and measurement equipment. Where 


applicable, Design Engineering Show booth numbers have been 


appended. 


SHOCK TESTERS 
Bulletin 59-07, 
specifications and illustrations of four 


1 pages, presents brief 
shock-testing machines for maximum 
loads of 20 to 400 Ib. Barry Controls. 
Inc.. 700 Pleasant St.. Watertown 72. 
Mass. (Booth 1624) 

Circle 799 on postcard at end of book 


NUCLEAR RESEARCH AND PROCESS 
CONTROL 

Short-form Catak 
integrator, 


D-100 describes 
photometer, pulse 


time-to-pulse-height 


re 
current 
amplifier, conver- 
ter, scalers, pulse-height analyzers, and 
a 32-channel time analyzer. Eight pages 
include illustrations and specifications. 
Eldorado Electronics, 2821 Tenth St., 
Berkeley 10, Calif. 

Circle 800 on postcard at end of book 


STRAIN-GAGE DIGITAL RECORDER 


Bulletin 109, four pages, introduces a 
system for all 
strain 


wide-range recording 
gages and 
transducers. Model ASB- 
scans 100 chan- 


information and may be ex- 


strain-gage 
100VS automatically 
nels of 
panded to 200 channels. One-, two-, 
and four-arm bridges with gage resist- 
ances from 60-1000 ohms may be used 
interchangeably in all channels. Strain 
read directly in microinches per inch 
+-10.000 to —10,000 at 
channel/sec, approx. 
lister, punched 
tape, punched card or typewriter. Sys- 


the rate of 1] 
Record available on 


tem size is 70 x 60 x 25 in. Bytrex 


Corp., 50 Hunt St., Newton 58, Mass. 


Circle 801 on postcard at end of book 


RECYCLING INTERVAL TIMER 

Independently adjustable ON and ort 
time intervals are features of interval 
Data Sheet 142. 
Useful for control of multi-point step- 


timer described on 


ping switches in strain-gage systems 
or temperature sampling and similar 
multi-channel scanning systems, the 
ranges of 50 
to 90 sec. 


Operates on 115 volts a-c. Timers avail- 


unit operates within 


millisec to 1 sec or 1 sec 


able as bench, rack panel mounted or 
drop-in chassis types. Output contacts 
rated 2 amp at 115 volts a-c or 28 volts 
d-c, SPDT. Fellows Engineering Co., 
1168 Meadowbrook Rd., Altadena, 
Calif. 

Circle 802 on postcard at end of book 


INSULATION RESISTANCE 
MEASUREMENTS 
Simplified procedures and step-by-step 
diagrams for measurement of insula- 
tion resistance are incorporated in a 
32-page manual P-14556. Associated 
Research, Inc., 3777 W. Belmont Ave., 
Chicago 18, Ill. 

Circle 803 on postcard at end of book 


PORTABLE AND HAND TACHOMETERS 
Bulletin T-101-50, two pages, discusses 
two tachometers. Portable laboratory 
model ranges are to 20,000 rpm with 
accuracies within 2, 1 or 4% per cent 
of full scale. Hand models measure 
linear and rotational speeds to 25,000 
rpm with 2 per cent accuracy. The 
Electro-Mechano Co., 241 E. Erie St., 
Milwaukee, Wis. 

Circle 804 on postcard at end of book 


RECORDING ELECTRIC TACHOMETER 
Catalog Section 46 reviews the features 
of a speed indicator which consists of 
a d-c generator (developing open-cir- 
cuit emf of 25 volts at 1000 rpm) and 
a strip-chart graphic d-c voltmeter. 
Fight-page bulletin explains that re- 
corder may be calibrated in rpm, ft/- 
min, mph, or similar units. Six possible 
methods of driving tachometer genera- 
tor illustrated. Accuracy of system, 
114 per cent of full scale. Speed limits, 
50 to 5000 rpm. Required torque, 34 
lb-in. avg. Esterline-Angus Co., Box 
596. Indianapolis 6, Ind. 

Circle 805 on postcard at end of book 


D-C VOLTAGE STANDARD 

One-page bulletin introduces Model 
STV reference source for use with 
null-balance devices such as _potenti- 
ometers. Output is 1.0000 and 1.0185 
volts d-c accurate to +£0.01 per cent 
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of nominal. Stability, 0.005 per cent 
of actual output for 100 to 125 volts 
a-c input and 20 to 30 deg C. Bulletin 
explains that output can be shorted 
indefinitely without affecting accuracy. i 
Short-circuit current is 0.5 ma max. 
Sensitive Research Instrument Corp., 


310 Main St., New Rochelle, N. Y. 
Circle 806 on postcard at end of book 


NON-DESTRUCTIVE AND ri 
PHYSICAL-TEST INSTRUMENTS 
Bulletin 34, 8 pages, describes metal- 
testing instruments, tramp-metal detec- 
tors, electronic micro- 
ohmmeters, and other equipment test- 
ers. J. W. Dice Co., Englewood, N. J. 
Circle 807 on postcard at end of book 


micrometers, 


VOLTAGE DIVIDERS 

Vol. I, No. 1 of “Design Ideas” is de- 
voted to detailed discussion of voltage- 
divider accuracy and calibration. Fu- 
ture issues will discuss other instru- 
ments, techniques and applications in 
electronics measurements field. Electro 
Scientific Industries, Inc., 7524 S. W. 
Macadam Ave., Portland 19, Oregon. 


Circle 808 on postcard at end of book 


MAGNETIC PICKUP LITERATURE 
Four-page Technical Bulletin 2A, en- 
titled “Excitation of Magnetic Pickups 
with Gears,” describes the most im- 
portant factors to be considered in 
excitation of magnetic pickups, includ- 
ing speed, size of gear teeth, and dis- 
tance from pickup. Also included are 
curves that show change in magnetic 
pickup output as function of pole piece 
clearance. Electro Products Labora- 
tories, Inc., 4501 No. Ravenswood Ave., 
Chicago 40, Ill. 

Circle 809 on postcard at end of book 


1. On the keyboard, enter the 
figure from which the root is 


CONVERTER AMPLIFIER 
Specifications, applications, features 
and an illustration of a device for con- 
verting transducer a-c output to pro- 
portional d-c signals to drive indica- 
tors, recorders, or position servo de- 
vices are presented in Bulletin CA 1, 
two pages. Converter amplifier con- 
sists of power supply, oscillator, bridge 
or differential transformer, gain con- 
trol, amplifier, demodulator, and in- 
dicating meter in package 5 x 61% x 
81% in., approx. Pacific Electro-Kine- 
tics, Box 728, Glendora, Calif. 

Circle 810 on postcard at end of book 


2. Touch the square root key 
correspondin ng to position of 
radicand’s decimal point. 


ery gts 


3. Aussnattoclly, dee square 
root will appear in the dials. 
Time required: just seconds. 


MAY 1960 


THE CALCULATOR 
THAT EXTRACTS 
SQUARE ROOT 
AUTOMATICALLY! 


33688 a 


Meet Friden’s SRW—the Thinking Machine 
of American Business. It’s a complete desk 
calculator in every way. But it also extracts 
square root automatically at the touch of a 


single key. And it’s the only calculator that can! 


If you now waste valuable productive time 
extracting square root by old-fashioned 
methods, put in an SRW and watch it pay 
for itself. Call your Friden Man or write to 
Friden, Inc., San Leandro, California. 


THIS IS PRACTIMATION: 


Automation so hand-in-hand with practicality 
there can be no other word for it. 


© i960 raiven, ine. 


= \riden 


FRIDEN, INC., SALES. INSTRUCTION, SERVICE 
THROUGHOUT THE U.S. AND THE WORLD. 
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New COMPONENTS 


A staff compilation of the latest developments in laboratory and engineering 


equipment . . 


. complete with all released specifications and available applica- 


tion data. Where applicable, Design Engineering Show booth numbers are ap- 


pended. 


FORCE INDICATOR 


Force gage L-14000 M with a maxi- 
mum capacity of 14,000 gm is provided 
with six stainless-steel attachments for 
the measurement of compression and 
tension forces. Gage uses compensated 
spring mechanism and dial indicator 
with 140 divisions. Overall accuracy is 


od 


0.5 per cent of full scale, equivalent to 
+70 gm. Force gage holds maximum 
dial reading after load has been re- 
moved. Control button on instrument 
selects operation desired: to follow all 
load fluctuation or to hold maximum 
reading. Quality Control Equipment 
Dept., Hunter Spring Co., 1 Spring 
Ave. Lansdale, Pa. (Booth 1512) 

Circle 552 on postcard at end of book 


FLANGE-TYPE 
HYDRAULIC FITTINGS 


For laboratory test set-ups, flanged 
tube and pipe-connection fittings per- 
mit quick disassembly of a hydraulic 
system, as well as repeated re-assembly, 
without loss of sealing ability. Fittings 
withstand greater working pressures 


than permissible with tubing or piping 
involved. Direction of angled outlets 
may be aligned with system piping. 
Material is welded steel with SAE bolt 
spacing and O-ring seal. Illustration 
shows standard outlets available with 
flanged tube and pipe fittings; including 
flared tube, male and female dryseal 
pipe, and weld socket styles. L & L 
Manufacturing Co., 21590 Hoover Rd., 
Warren, Mich. (Booth 1823) 

Circle 553 on postcard at end of book 


PRINTED-CIRCUIT 
CARD HANDLES 


Handles provide distortion-free inser- 
tion or removal of cards or boards and 
enable operator to handle cards with- 
out contamination. Automatically ad- 


justs for various board thicknesses. 
Flip action grips cards tightly and re- 
leases cards readily. Handles will not 
slip and pull up to 70 lb. Products 
for Industry Div., Western Lithograph 
Co., 220 S. Rose St., Los Angeles 54, 
Calif. (Booth 2320) 

Circle 554 on postcard at end of book 


VIBRATION FATIGUE TESTER 


Two versions of testing machine, in 
which vertical table movement is con- 
trolled by a piston-operated mecha- 
nism, are Models 150 VP-D and 150 
VP-T. Table load capacity is 150 lb at 
10 g acceleration. For higher g values, 
load must be reduced. Maximum capac- 
ity, approx 23 g. Vibration is simple 
harmonic motion. Acceleration and de- 


celeration are regulated by automatic 
frequency-control device. On Model 
150 VP-D, starting at 10 cps, fre- 
quency may be increased uniformly to 
60 cps. On Model 150 VP-T, range is 
5 to 100 cps. Any range of frequencies 
within total range may be used, such 
as 15 to 45 cps and back. Frequencies 
can be held at any desired point within 
range and can be changed manually. 
All American Tool & Mfg. Co., 8053 
Lawndale Ave., Skokie, Ill. 

Circle 555 on postcard at end of book 


SIZE GAGE FOR O-RINGS 


Visual size gage enables users to check 
ID and cross section of O-rings. Gage 
consists of single-unit cone and base 
with adjustable cross-section measur- 


ing strip. Ring ID is measured by 
placing O-ring on cone while cross 
section is measured with slots in base. 
Parker Seal Co., Div. of Parker-Han- 
nifin Corp., 10567 Jefferson Blvd., Cul- 
ver City, Calif. (Booths 1339, 1436) 
Circle 556 on postcard at end of book 


SURFACE 

TEMPERATURE PROBE 

Model G312 temperature probe con- 
sists of a thermistor bead mounted on 


an aluminum disk with diam of 0.25 
in. x 0.005 in. thick. RT curve from 
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0 to 350 F, and all meet manufacturer’s 
EMD-31 curve (4000 ohms at 25 C). 
Fenwal Electronics, Inc., 51 Mellen 
St., Framington, Mass. (Booth 1621) 


Circle 557 on postcard at end of book 


RELAY TESTER 


Model RT-905 tester measures pull-in 
and drop-out voltage and current si- 
multaneously. Coil voltage is contin- 
uously variable. On-off control with 
neon light indicates contact position. 


‘ 
Time measurements of contact condi- 
tion can be made with oscilloscope 
connections for measuring pull-in and 
drop-out time, contact bounce, etc. 
Three repetition rates and synchron- 
ization pulse provided. Contact resist- 
ance and coil resistance measured with 
panel ohmmeter provided. Electronic 
Engineering Co. of Calif., 1601 E. 
Chestnut Ave., Santa Ana, Calif. 

Circle 558 on postcard at end of book 


VIBRATION TEST SYSTEM 


Model 1200 system features a horizon- 
tally moving shake table. May be used 
for testing small components such as 
transistors, vacuum tubes, relays or 
calibration of accelerometers. Other 
accessory equipment permits automatic 


programming of vibration exciter to 
requirements of MIL-STD 202A, meth- 
od 204, Vibration exciter used has 
horizontal push-pull driven table that 
is supported on air bearings. Systems 
MAY 1960 


PRECISION Model 960 


transistor and crystal diode tester... 


AND WHY IT WAS CHOSEN BY 
CURTISS-WRIGHT... 


THE PROBLEM: 


Curtiss-Wright needed an accurate and 
reliable transistor tester, for field 
testing and maintenance of their 


transistorized Propeller Synchronizer 
and its associated equipment. 


THE SOLUTION: 


After evaluating available test instruments, 
the PRECISION Model 960* was chosen 
on the basis of its design suitability, 
reliability and low unit cost. 


Perhaps you, too, have a production-line 
or servicing problem that can be solved by 
the PRECISION Model 960... 

if so, you will be interested to learn that 
the Model 960, and all other PRECISION 
test instruments, are available to you now 
for a free trial...in your plant... under 
actual operating conditions .. . without 


For complete information... plus a copy 
of the comprehensive, new PRECISION 
test instrument catalog, write on your com- 
pany letterhead to: 


PRECISION Apparatus Co., Inc. 

70-31 84th Street, Glendale 27, Long Island, N.Y. | 

Export: 458 Broadway, New York 13, New York 

Canada: Atias Radio Corp., Ltd., 50 Wingold Ave., Toronto 19 
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with 


Dual Ranges 


to 40,000 


{mpere-Turns 
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MODEL 107A 


Designed for production, research and instrument re- 
pair work, the Model 1500 will magnetize the new 
cobalt platinum and barium ferrite materials as well 
as all the Alnicos. It will saturate large switchboard 
meter assemblies and all panel type instruments and 
uses most existing adapters designed for the Model 
107A. Wire-wound fixtures are plugged into front 
panel through a safety interlock system providing 
maximum operator protection. Operates from 115- 
volt, 60 cps line. Size 11 x 20 x 15; weight 125 Ibs. 
Price $995. 


NNUAL HULA 


A basic condenser discharge unit for most medium 
size magnets, the Model 107A provides ranges of 
12,000 and 24,000 ampere-turns. It is capable of 
saturating most instrument magnets, including the 
new core type mechanisms, using adapters or 
wire-wound fixtures. Designed for continuous 
duty. Operates from 115-volt, 60-cycle line. 
Price $590. 


INTIAL 


A high powered magnetizer (up to 200,000 
ampere-turns) capable of charging large Al- 
nico and ceramic magnets of various shapes or 
pole configurations. Adapters for multi-pole 
rotors, rod, bar, ring and other shapes are 
available. Designed for continuous produc- 
tion use. Size 30” x 33” x 38”; weight 235 lbs. 
with 200-uf unit. Price of basic unit is less 
than $2100. 


Performance of all models is rigidly guaran- 
teed. Prices are net f.0.b. Boonton, N.J. and 
subject to change without notice. 


P(e) 7 Veo ! 
W Jersey, 1 ) A 


TEAL: 
ay LLL adel 


Boonton, Ne 
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with 50 force-pounds rated output 
available with either of two sweep fre- 
quency ranges: 5 cps to 5 ke, or 20 
cps to 20 ke. May be modified to meet 
individual requirements. LCM Engi- 
neering, 5005 E. Slauson Ave., Los An- 
geles 22, Calif. 

Circle 559 on postcard at end of book 


RATE TURNTABLE 


Model T-844 turntable is a portable test 
unit for mounting rate gyros, guidance 
assemblies and other components re- 
quiring imposition of constant rates-of- 


turn for spot checks of performance. 
Basic unit provides for single rate about 
vertical axis. Modified units can pro- 
vide multiple rates, tilting to polar or 
horizontal axes, or with servo drive. 
Sterling Precision Corp., 17 Matinecock 
Ave.. Port Washington, B¢ 

Circle 560 on postcard at end of book 


ANALOG COMPUTER 
Desk-top Model AD-1 electronic dif- 


ferential analyzer contains from 4 to 
32 stabilized operational amplifiers in 
basic form. Expansion modules may 
be added to increase amplifier comple- 
ment to 64. Other accessories are re- 
movable patchboard system, electronic 
multipliers, and diode function gen- 
erator. Integrating capacitors, feed- 
back and summing resistors are inter- 
nal to computer. Vacuum-tube model 
uses 100 volts for reference. Bowmar 


(Continued on page 257) 
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HONEY WEL DEVELOPERS OF THE ULTRA-VIOLET PRINCIPLE OF OSCILLOGRAPHY, PRESENT THREE 
VERSATILE VISICORDER MODELS AND ASSOCIATED SIGNAL-CONDITIONING EQUIPMENT... 


Honeywell 


af z 


... pioneer in the field of Ultra-Violet 
direct recording 


[wo models of the 906 Series Visicorder give 


youachoice of recording capacity on 6’ paper. 
The Model 906 B-1 uses high-sensitivity Series 
M sub-miniature plug-in type galvanometers 
that are directly interchangeable among all 
Honeywell oscillographs of the sub-miniature 
galvanometer type. Optical arms, therefore 
galvanometer sensitivities, are an identical 
11.8 inches in all instruments. 
The 906 B-1 provides for 14 channels of re- 
cording including two static reference traces 
each channel operating at frequencies 
from DC to 5000 eps. It has provisions for 
recording intensity control; trace identifi- 
cation: grid line system (either inches or 
millimeters) and selectable record speeds 
(a choice of 5 interchangeable systems, 
each covering 1 speeds). 


The Model 906 B-2 is identical to the 


906 B-l, except that it uses solid-frame 
galvanometers with a capacity of 8 
channels, including 2 timing or event- 
marking channels. 

Accessories available for both mod- 
els of the 906 B include a record take- 
up unit; record takeup and latensi- 
lier; relay rack adapters; and the 
Visicorder Timing Unit. 


> VISICORDER 


Honeywell 


MODEL 1108 VISICORDER 


... newest of the Honeywell direct- 
recording oscillographs 
The Model 1108 delivers direct-writing Visi- 
corder oscillography at the lowest cost per chan- 
nel. Intermediate in size between the 14-channel 
906 and the 36-channel 1012, the 1108 simul- 
taneously records up to 24 channels of data on 
a record 8 inches wide. This instrument, like 
other Visicorders, records at frequencies from 
DC to 5000 eps with unparalleled galvano- 
meter sensitivities. 
Pushbutton controls give a choice of 15 
record speeds from .05 to 80 inches per sec- 
ond, and time line intervals of 1, .1 and .01 
seconds. Such built-in features as auto- 
matic record length control, grid-line in- 
tensity control, galyvanometer spot inten- 
sity control, record numbering, reversible 
record drive, trace identification, provi- 
vision for remote operation, and many 
others contribute to maximum conven- 
ience in recording high-speed analog 
data. 
As in all Honeywell Visicorders, paper 
loading, access to the interior, and 


galvanometer adjustment is easy and 
convenient. 





Honeywell 


MODEL 1012 VISICORDER 


...the most complete, convenient multi- 
channel oscillograph on the market today 


The Model 1012 has been accepted as “the most 


versatile instrument ever devised for converting 
dynamic 


data into immediately 


visible read- 
out.” 


It will record up to 36 channels of data 
a i su 
simultaneously on 12 


wide paper. It gives 
complete push-button control of 15 different 


paper speeds, from 0.1 to 160 in./sec., with 


automatic recording intensity control. De 
signed into the 1012 are many other conven- 


ience features: daylight paper loading; re 
versible record drive choice; switch selec- 
tion of 5 different timing intervals (.001 to 
10.0 seconds); simultaneous recording of 
amplitude reference (grid) lines; trace iden- 
tification; automatic record length con- 
trol; record numbering; jump-speed con- 


trol and provisions for remote and 
multiplexed operation 


Like other Visicorders, the 1012 makes 


use of the sub-miniature galvanometer. 


All instruments are readily adaptable 
to rack and shock-mounting 


Honeywell 


SIGNAL-CONDITIONING SYSTEMS 
A. The Model 119 Amplifier System... a 
simple and accurate 6-channel carrier amplifier, 
for use in oscillographic recording, which may be 
converted to a linear/integrating system simply 
by installing linear/integrating channels in the 
same case. The carrier amplifier is designed to 
amplify signals from resistive, variable-reluc- 
tance, differential-transformer, and capacitive 
transducers. The linear/integrate amplifier is 
used in conjunction with self-generating trans- 
ducers such as vibration pickups, ete. The 
carrier system provides recordings in the 
0-1000 cps range at galvanometer ampli- 
tudes of 8” peak-to-peak. The linear-inte 


grate system accommodates frequencies 
from 5-5000 eps. 


B. The Model 130-2C Carrier Ampli- 
fier... a two-channel unit for use with 
resistance, reluctance, differential trans- 
former, and capacitive transducers. Pro- 
duces 8-inch (peak-to-peak) galvano- 
meter deflections up to 1000 cps from as 
little as 0.5 mv gage output. 

C. The Model 82-6 Bridge Balance 
and Strain Indicator . . . a simple, 
accurate 6-channel unit for calibrat- 
ing, balancing, controlling, and 
measuring static and dynamic phe- 
nomena from resistive transducers. 

All three of these units are suitable 

for convenient rack mounting 
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TYPICAL USES OF THE 
VISICORDER 


The Visicorder record at left shows a canceller 
test of letters through a new mail-handling ma- 
chine developed by Emerson Research Labora- 
tories for the U.S. Postoffice Department. The 
Visicorder took only 3 hours to solve a 3-week 
problem of why letters changed speed as they 

went through the machine. Motor speed vari- 
ations, belt-slippage, and letter slippage in 
the drive rollers were corrected to solve the 
problem at a vast saving in engineering 
time and money. 


At right, a Visicorder record made by 
Westinghouse design engineers meas- 
ured oil film thickness on the bearing 
pad of a 67,500 kilowatt water wheel 
generator supplied for Chief Joseph 
Dam at Bridgeport, Washington. In 
these tests, oil thicknesses encoun- 
tered by the leading edge, center and 
trailing edge of the bearing were 
found to be within the limits of 
safety as predicted by engineering 

assumptions. 


OTHER USES of the Visicorder. .. as a direct readout unit IN RECORDING AND MONITORING SYSTEMS... 1 

MISSILE AND ENGINE ANALYSIS for test stand recording . . . for analog recording OF TELEMETERED SIGNALS . .. 
IN CONTROL to monitor reference and error signals ... IN NUCLEAR TEST to record temperatures, pressures, impacts, ete. 
... IN LABORATORIES for all-purpose analysis ...1N PRODUCTION for final dynamic inspection... IN COMPUTING 
for immediately-readable analog records... IN PILOT COMPONENT TESTS for rapid evaluation of prototypes ...IN ALL 


TESTS which are non-repetitive in sequence, making oscilloscopes impractical. 


Write for your free copy of the new 36-page Visicorder Applications Manual, a comprehensive, detailed guidebook to many 
varied uses of the Visicorder. 


Honeywell 


Minneapolis-Honeywell Regulator Company, Industrial Products Group, Heiland Division, 5200 E. Evans Ave., Denver 22, Colorado. 


For further information including prices and delivery, write 


Instrument Corp., 8000 Bluffton Rd., 
Ft. Wayne, Ind. 
Circle 561 on postcard at end of book 


TRANSISTOR TEST SET 

Measurements of basic transistor 
parameters and characteristics of diodes 
are provided by Test Set 275-A. Param- 
eters measured are alpha (to three 


significant figures from 0 to 0.9 and 
to four significant figures from 0.9 to 
1.0), beta, and input resistance. Han- 
dles up to 100 ma emitter current with 
internal supply, 5 amp with external 
supply. For both n-p-n and p-n-p tran- 
sistors. Boonton Radio Corp., Boonton, 
N. J 

Circle 562 on postcard at end of book 


PORTABLE DIGITAL 
RECORDER 


A 16-track portable digital magnetic 
tape instrumentation recorder/repro- 
ducer weighs 100 lb. PS 216-D recorder 
measures 164% x 25% x 14 in. 


Standard unit furnished with 1-in. wide 
tape. Tape speeds from 1% to 60 ips 
available. Includes tape magazine. 
Reels are standard NARTB 10%-in. 
Precision Instrument Co., 1011 Com- 


mercial St., San Carlos, Calif. 
Circle 563 on postcard at end of book 


RECORDING 
SPECTROPHOTOMETER 


Model 505 spectrophotometer features 
automatic wavelength speed control, | 


external dual lamphouse, air-cooled hy- 
drogen lamp, built-in wavelength cali- 
bration, large sample compartment and 
uniquely designed 
Double-beam grating spectrophotome- 
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monochromator. | 


And with a DEA-GRAPH camera from BRUNING, you get 
120 lines per millimeter resolution at a 30 X reduction! 


It’s all there... when you enlarge 
a Dea-Graph reduction from your 
files, the finest pencil detail in any 
drawing or plan is clearly repro- 
duced. 


When you get into microfilming 
with a Dea-Graph camera, you’ve 
taken the right first step to perma- 
nence. Dea-Graph offers you deli- 
cate precision, timed and operated 
so automatically that you don’t 
need to be a camera expert to get 
first-quality results. 


The price makes it hard to be- 
lieve, but Dea-Graph gives you 
these extra features without in- 
creased cost: six lamp illumination 
that brings out and balances every 
detail of each drawing or plan... 


automatic focusing so even a non- 
expert can get impressive results 
... film magazines that can be re- 
moved with safety in the conveni- 
ence of a lighted room . .. double 
track camera column for rigidity 
...and the Dea-Graph planetary 
microfilm camera can be converted 
easily into an enlarger unit. 


If you’re interested in getting a 
microfilming program underway 
at your place, we’ll be glad to help 
you approach it with a sound, 
practical plan. Mail in this coupon 
today and you'll have the benefit 
of a specialist ... the Bruning Man 
...to help you consider microfilm- 
ing in terms of your own needs 
and your own budget. 


Charles Bruning Company, Inc., Dept. 5-Y¥ 

1800 Central Road, Mt. Prospect, Illinois 

Offices in Principal U. S. Cities 

In Canada: 103 Church St., Toronto 1, Ont. 

——Please send me more information on Dea-Graph 
Microfilming Cameras. 

——Please arrange for a Bruning Man to contact me. 


Name 
Company 
Address 
City 


Title 


——— 
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NOW! 


PORTABLE 

TENSILE TESTER | 

FOR ELECTRICAL 
CONNECTORS 


Made in 6 ranges up to 500 Ibs; 


, iat .. 


low-cost 


Accurate . . . compact 
portable. 
Hunter’s newest quality con- 
trol instrument, the Model 
“TT” Terminal Pull Tester, 
offers all advantages. 
Though adaptable to many 
tensile tests, it is currently 
much in demand for checking 
strength of solderless termi- 


these 


nals on wire, for testing con- 
nectors and leads in the quality 
control or inspection depart- 
ment and on the production 
line. Provides speeds up to 
10 times faster than conven- 
tional lab equipment. 
Bulletin 750e gives full de- 


tails. Write for your copy. 


Hunter Spring Company | 


A Division of American Machine and Metals, Inc 


22 Spring Avenue, Lansdale, Penna. 


SPRINGS © STAMPINGS © QUALITY CONTROL EQUIPMENT 
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ter makes permanent record of absorp- 
tion and/or reflectance spectrum of 
any solid, liquid or gas. In addition, 
it records emission spectra from any 
light source. Operates throughout ul- 
traviolet spectrum from 200-400 mu 
and visible spectrum from 400-700 mu. 
Monochromator incorporates two dif- 
fraction gratings, each with 1200 
grooves/mm. Applications: a general 
research tool for investigation of new 
and unknown properties of materials 
which can be analyzed by light, quali- 
tative and quantitative data of many 
materials, and provides means for color 
matching and specification. Accessible 
sample compartment is in front and 
contains drain or flow-through hole 
which allows removal of spilled samples 
and passage of circulating liquids for 
heating or cooling thermostated cells. 
Combination light source and dual 
lamp-house designed so that single lever 
positions either hydrogen, tungsten or 
mercury lamp for rapid scanning of 
ultraviolet spectrum without delay or 
break in record. Wavelength calibra- 
tion achieved by mercury lamp. Speed 
of wavelength scan controllable: chart 
rotates rapidly until complex spectrum 
appears, at which time the wavelength 
drive slows down, allowing pen to rec- 
ord detail. Bausch & Lomb Optical 
Co., Rochester 2, N. Y. 


Circle 564 on postcard at end of book 


TUNNEL-DIODE 
CURVE TRACER 


Curve tracer is an instrument for use 
with laboratory oscilloscope which pre- 
sents current-voltage characteristic of 
tunnel diedes throughout negative re- 
sistance region. Instrument provided 
with clip for receiving both of two types 
of tunnel-diode packages currently be- 


ing manufactured. Four-position range 
switch adjusts scale factor of trans- 
formation from current to voltage for 
vertical deflection signal and simul- 
taneously changes shunt impedance on 
tunnel diode. Available range exceeds 
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ea 


brush 


up 
on the 


Slide 
Rule? 


.. . Come now! Are you really hep 
to the use of the Log-Log-Scales . . . 
the circular slide rule . . . phasor 
calculations vector diagrams 
. . . hyperbolic functions? Can you 
make that slip stick solve the tough 
engineering problems, not just the 
simple calculations? 


Aware that too few engineers were 
using their most basic professional 
tool to its fullest advantage, the edi- 
tors of ELECTRICAL MANUFACTURING 
did something about it. They put the 
problem up to Ira Ritow, author of 
the popular “Capsule Calculus” and 
“Fundamentals of Servomechanism 
Design.” Drawing upon his experi- 
ence in teaching college math, engi- 
neer Ritow came up with an entirely 
new technique for explaining the use 
of the slide rule in solving engineer- 
ing problems. 


Response to the published article 
was immediate. Engineers working 
on all types of projects ordered re- 
print copies* for their personal use 
or for their company training pro- 
grams. Engineering schools requested 
it for classroom use. Truly, a need 
had been recognized and filled. 


“Slide Rule Mathematics” is typi- 
cal of EM’s specialized editorial 
approach to fundamental areas of 
design engineering. It demonstrates 
why the magazine has such dedicated 
readership among the “pro” design 
engineers in the vanguard of tech- 
nological progress. 


*The 20-page reprint, “Slide Rule 
Mathematics,” is available at $1.00 
per copy, postpaid. Orders accompa- 
nied by remittance should be sent to 
the attention of Reader Service De- 
partment, ELECTRICAL MANUFAC- 
TURING, 205 East 42 Street, New 
York 17, N. Y. 
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sharp, clear, 
easy to read 


Rubicon D.C. 
spotlight 


galvanometers 


Now in a smartly designed 
new case . . . the galvanometer 
that’s become the standard in 
research and production test- 
ing applications. It is excep- 
tionally sensitive and stable, 
and built to withstand the 
rigors of day-to-day service in 
the laboratory and on the pro- 
duction line. 


@ Sharp, parallax-free, hair- 
line index. 

@ Ground glass scale with 
sharp, clearly defined divisions. 
@ Dual 120mm. scale, sub- 
divided 0-120 and 60-0-60. 
Simple lever moves index to 
either zero position. 


@ Final adjustment made with 
knurled thumb screw, spring- 
loaded to eliminate backlash. 


® Can be used for both deflec- 
tion and null measurements. 


There’s a complete line of 
Rubicon D.C. spotlight gal- 
vanometers. For complete de- 
tails, contact your nearby 
Honeywell Branch Office, or 
write to MINNEAPOLIS- 
HONEYWELL, Rubicon Instru- 
ments, Philadelphia 32, Pa. 


Since 16866 
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that necessary for testing present tun- 
nel diodes in anticipation of new di- 
odes with different characteristics. Ac- 
curacy of conversion from current to 
voltage is +1 per cent; otherwise, 
accuracy depends upon accuracy with 
which oscilloscope deflection is cali- 
brated. Second knob controls horizon- 
tal sweep voltage from 0 to 11% volts. 
Diodes capable of oscillating at 2 kme 
are adequately damped. Source imped- 
ance is approximately one ohm and 
curve displayed on oscilloscope is con- 
tinuous throughout negative resistance 
region. Trak Electronics Co., Div. of 
CGS Laboratories, Inc., 48 Danbury 
Rd., Wilton, Conn. 

Circle 565 on postcard at end of book 


STRIP-CHART RECORDER 


Six-channel rectilinear recorder has 
l-ma meter movements. Response time, 
1 sec; chart speeds from % in./hr to 


24 in./min. Interchangeable pens for 
ink or inkless recording. Models with 
from two to five channels available. 
Princeton Div., Curtiss-Wright Corp., 
Princeton, N. J. 


Circle 566 on postcard at end of book 


LARGE-SCREEN OSCILLOSCOPE 


Oscilloscope features a 17-in. crt and 
incorporates 10 mv/in. sensitivity, sta- 
bilized input amplifiers, overall 2 per 
cent accuracy, 1 per cent linearity, 
frequency response from d-c to 500 ke, 





Ui 


For a Digital Voltmeter 
with +.01% Accuracy 


FOR FULL FOUR-DIGIT ACCURACY IN 
VISUAL MEASURING JOBS — produc- 
tion checking, instrument calibrating, lab- 
oratory testing, receiving inspection — the 
NLS 481 Industrial Voltmeter is your best 
buy in digital instruments. Here’s a preci- 
sion instrument that matches — even sur- 
passes — other dry-stepping switch meters 
in accuracy (+.01% ), speed, reliability... 
yet sells for $1,000 to $2,000 less! High- 
volume production techniques and simpli- 
fied circuitry enable NLS to offer the 481 
at just $1,355.00, complete. Pull off the top 
of a 481 and check its quality construction 
. » . compare its performance with that of 
higher-cost competitive meters. Many 
major companies have , . . and they are 
now using the NLS 481 in quantities of 50 
and more! Contact NLS today for full in- 
formation on the NLS 481 and its com- 
panion NLS 781 Industrial Ohmmeter. 

481 Specifications: Accuracy +.01% ... measures DC 
voltages from +0.001 to +999.9... plug-in acces- 
sories permit measuring AC or low level DC voltages 
... balancing time: 1 second, average...input im- 
pedance: 10 megohms on all ranges . . . automatic indi- 
cation of range and polarity ... internal standard cell 
permits verification of calibration . . . one-package de- 
sign (5%” high, 15%” deep for 19” rack)... all 
controls and connectors located on front panel... 
easily converted to ratiometer for analog computer 


readout . . . available from stock for immediate delivery 
. .. $1,355.00, complete. 


Originator of the Digital Voltmeter 


non-linear systems, inc. 


DEL MAR (SAN DIEGO), CALIFORNIA 
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From CHASSIS-TRAK 
NEW FEATHER-LIGHT DETENT SLIDE! 


Model C-300 Detent locks in three service positions — 
90° up, horizontal, 90° down 


Chassis-Trak continues to set the pace 
in slide design with the new Model C- 
300 Detent. Never before has a tilt-lock 
slide come in such a small package, yet 
despite its space-saving size — 1%” 
high, %%” wide — the Model C-300 
Detent will support chassis loads up to 
50 Ibs. Not the least of the new slide’s 
attractive features is its low price — 
lowest of any detent slide on the 
market. 

Made of hard, cold-rolled steel, each 
slide is cadmium plated and then coated 
with Poxylube 75, a bonded film for- 
mulation of molybdenum disulfide, 
which provides permanent dry lubrica- 
tion. Solid bearings on all surfaces 
afford high resistance to shock and 
vibration. 


For further information contact: 


Model C-300 Detent Slides are avail- 
able in seven lengths — 12 to 24 in. — 
and are designed for mounting elec- 
tronic equipment in any standard rack 
or cabinet. Like all Chassis-Trak Slides, 
they are easy to install and smooth and 
trouble-free in operation. 


Mode! C-300 Detent slide shown 
locked in horizontal position. 


525 South Webster, Indianapolis 19, Indiana 
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resolution of 40 lines/in. of deflection. 
Eastern Precision _Resistor-Special 
Products Corp., 675 Barbey St., Brook- 
we 7, Be 

Circle 567 on postcard at end of book 


VOLTAGE 
REFERENCE SOURCE 


Precision voltage source, for calibra- 
tion of data reduction and laboratory 
equipment, is available in portable and 
rack-mounted designs. Solid-state unit 


is four-decade direct-reading device 


with full scale of +11.111 volts in 1.0- 
millivolt steps. Inherent noise, drift 
and ripple is below 100 pv; output 
impedance, less than 50 milliohms. 
Direct short of output terminals will 
not damage supply. Measures 7 x 71% 
x 8% in. Electronic Development Corp., 
423 W. Broadway, Boston 27, Mass. 
Circle 568 on postcard at end of book 


Postcard return forms are provided 
at end of book as a convenience 


to the reader in obtaining— 


New Components and Materials 
Additional data from the sup- 


plier of any item reviewed. 


Literature for the Design 
Engineer 


A copy of any manufacturer’s 


publication reviewed. 


Feature Article Reprints 
Single copies of selected feature 


articles. 


Advertised Products 
More information on any prod- 


uct or service described. 
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e State of the Art 
Review 


JOHN R. RIGGS 


Associate Editor 


Components 


e Low-Noise Motor Design 
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e Thermoelectric Heat Pumps 


e Plus: Selected Research Notes, Design Trends, New Litera- 


ture, and New Components 


New Developments to Achieve Old Goals 


A REPORT ON current developments 
and future trends in the field of com- 
ponents for electrical and electronic 
equipment must, of necessity, stress 
two concepts that might appear to be 
“old hat” but are, nevertheless, of 
prime importance: miniaturization and 
reliability. Practically every new de- 
velopment in the last year can be 
traced, directly or indirectly, to one 
of these factors; and most of the cur- 
rent research is directed toward these 
goals. 

The most important advances have 
been made, of course, in the discovery 
and development of new components 
which not only provide smaller size 
and greater reliability, but also permit 
the accomplishment of certain functions 
in a more precise and efficient way. 
One of these new components is the 
tunnel diode (or Esaki p-n junction 
semiconductor diode). It is finding im- 
mediate application in high-speed com- 
putational circuits, its switching speeds 
being considerably faster than those of 
the three-terminal transistors which it 
replaces. Numerous applications (am- 
plifiers, oscillators, logic circuits) are 
being forecast and various physical 
characteristics (insensitivity to tem- 
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perature changes and nuclear radia- 
tion) are claimed. 

Another semiconductor device which 
has gained recent attention, although 
it is not as new as the tunnel diode, 
is the four-layer, p-n-p-n, negative-re- 
sistance diode. Here again, the switch- 
ing function provided by a negative- 
resistance characteristic leads to appli- 
cations in pulse generators, magnetic 
core drivers, flip-flops, ring drivers, 
multivibrators and amplifiers. The four- 
layer diode does not have as fast a 
switching characteristic as the tunnel 
diode, but its power-handling capabili- 
ties are greater. 


Controlled Rectifiers. The Esaki 
diode and the four-layer diode are only 
two examples of new semiconductor 
devices. The silicon controlled rectifier, 
introduced about a year and a half ago, 
has become increasingly important in 
the handling of higher power. This 
solid-state replacement for the thyra- 
tron gas tube is now being made by 
a number of companies, and units with 
increasingly large capacity are being 
developed. Ratings up to 50 amp at 300 
piv are now available. At the same 
time, miniature units to control 1 amp 
with an input signal level of 2 ma are 


also on the market. Silicon controlled 
rectifiers are being used extensively 
to reduce the weight and volume of 
power supplies and inverters in mili- 
tary equipment. In combination with 
magnetic amplifiers, they are finding 
widespread applications in industrial 
and commercial power-control systems. 
In other applications, both transistors 
and magnetic amplifiers are used with 
silicon controlled rectifiers to perform 
amplification, signal-mixing, and pulse- 
forming functions. 

Transistors, The varieties that are 
currently available and—even more— 
being developed are almost endless. 
New manufacturing techniques, both 
with regard to the crystal itself and the 
manner of assembly and encapsulation, 
are being announced almost daily. The 
common goals are more efficient opera- 
tion and greater reliability. As a con- 
sequence, some high-power units are 
now rated with maximum collector cur- 
rents of 50 amp, with 80 and 50-volt 
collector ratings and high open-base or 
breakdown voltage. A technique known 
as the “Thermal-Bond” construction 
produces a germanium alloy junction 
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transistor designed for use in high- 
current, high-speed switching applica- 
tions. The transistor junction tab is 
joined to the base plate of the tran- 
sistor by a bonding material which pro- 
vides complete electrical insulation and 
increases heat dissipation. Typical /,», 
at 65 C and —15 volts is 25 pamp. 

Another new technique uses etching 
by transmitted light (ETL) in which 
high-intensity light is focused on one 
side of a semiconductor wafer and a 
jet of electrochemical solution is di- 
rected against the opposite side. Light 
diffuses through the material, making 
hole-electron pairs available at the 
surface being etched so that the speed 
and accuracy of the etching process are 
increased. The result is units with dis- 
sipation ratings of 500 milliwatts at a 
clock rate of 10 mc. They can switch 
currents up to 400 ma. Hopes for the 
future with this process include a de- 
vice capable of dissipating 15 watts 
and switching 1 amp at a clock rate 
of 5 me. 

A cadmium sulfide field-effect tran- 
sistor is said to be capable of perform- 
ing new and combined circuit functions. 
Although cadmium sulfide does not 
compare with silicon or germanium for 
general transistor applications, the new 
device has certain advantages as an 
amplifying photosensitive element in 
that its amplifying properties can vary 
greatly with intensity and wavelength 
of light. 

If advances in the development of 
new transistors have been great, they 
have been no less so in the design of 
new silicon rectifiers. The silicon rec- 
tifier continues to take the lead as a 
rectifying device over electron tubes 
as well as other semiconductor devices. 
For high power applications, manufac- 
turers are developing units with ever 
higher ratings. A year ago, one source 
listed its highest rating as 200 amp at 
300 volts. Today that “high” has gone 
to 250 amp at 400 volts. Such is the 
case among a variety of sources. New 
physical configurations augment the 
variety of new electrical characteristics. 
In smaller sizes, a new silicon-carbide 
rectifier can withstand temperatures of 
500 C and is reported to be ten times 
less subject to radiation damage than 
pure silicon. (The high temperature 
for standard silicon units is about 200 
C.) The maximum average forward 
current of these units is 100 ma at a 
maximum piv of 100 volts. 
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Other small silicon diodes include a 
line of “micro-diodes” which combine 
advanced diffusion techniques with 
small size to provide millimicrosec 
switching speeds. A family of multi- 
purpose-diodes provides voltage ratings 
up to 200 volts and a forward conduct- 
ance which allows a current rating of 
50 ma. The new units are smaller in 
size than a common pin. 

Capacitors. The development of 
electronic components. other than 
semiconductors continues the trend 
toward smaller size and greater reli- 
ability through more efficient use of 
established techniques and the dis- 
covery of new techniques and ma- 
terials. A glow-discharge film type of 
low-voltage capacitor allows for large 
volume reductions over conventional 
units. In carrying out research on in- 
sulation for nuclear batteries, the de- 
veloper discovered a technique for 
depositing a micro-thin film of dielec- 
tric on an aluminized surface. The 
process lends itself to many dielectric 
compositions, but Teflon has been 
chosen as the capacitor dielectric 
because of its high-quality, high-temper- 
ature characteristics. Volume reductions 
of about 75 per cent over conventional 
foil-paper designs have been realized. 

Recent months have also seen the 
development of the solid-electrolyte tan- 
talum capacitor. Based on the use of 
a solid semiconductor instead of con- 
ventional liquid and semi-liquid electro- 
lytes, this capacitor is noted for its high 
stability, long shelf and operating life, 
and a minimized seal problem, with 
sizes and ratings ideally suited for tran- 
sistor circuitry. 

The voltage-variable silicon capacitor, 
an alloyed-junction diode, has reached 
the stage where it can be used in many 
applications to replace air variable ca- 
pacitors. This is a further example of 
the use of semiconductors to achieve 
more efficient operation. A similar new 
device, still in the pre-production phase, 
differs from previous voltage-variable 
capacitors in that, instead of being 
a p-n junction, it consists of a piece 
of n-type silicon with a thin layer of 
SiO, on one side. Higher values of 
zero bias capacitance and less depend- 
ence on temperature are the apparent 
advantages. 

One of the goals in the miniaturiza- 
tion of individual components such as 
resistors and capacitors has been to keep 
pace with the ever-shrinking electronic 
module assembly. In the last few years 


the assembled module has gone from 
miniaturization, to subminiaturization, 
to microminiaturization. The purpose 
of all of this development is not alone 
to achieve smaller size, however. The 
environmental life span of military 
electronic equipments includes expos- 
ures to wide variations in temperature, 
humidity, nuclear dosage and mechani- 
cal factors involving vibration, shock, 
and acceleration. With the compactness 
and solidity achieved in micromini- 
aturization, many of these environ- 
mental hazards can be partially, if not 
completely, overcome. 

Microminiaturization. The tech- 
niques now generally considered to be 
“microminiaturization” include the 
mounting of caseless semiconductor ele- 
ments on thin ceramic or plastics sub- 
strates using a photographic process 
and the combination of this element 
with printed circuitry. The printed cir- 
cuitry includes thin-film and deposited 
resistors and capacitors and, in some 
case, printed inductors, although tech- 
niques for accomplishing the latter have 
not generally been successful and the 
integration of inductive elements into 
microminiature modules remains a 
stumbling block. The use of distributed 
resistance and capacitance in printed 
circuitry for filters further increases the 
possibilities of size reduction. 

The two-dimensional wafers produced 
by microminiaturization achieve a sig- 
nificant increase in the number of com- 
ponents that can be packaged per unit 
volume. For instance, component densi- 
ties between 2000 and 3000 per cu in. 
have been achieved. 

A new miniaturization technique 
(which was recently announced as the 
winner of the 1959 Miniaturization 
Award) uses sputtering (a technique 
which bombards a cathode with ionized 
gas molecules, dislodging atoms of 
metal which then redeposit themselves 
on nearby surfaces) of a single metal, 
tantalum, in fine and intricate patterns 
to form capacitors, resistors and most 
of the interconnecting circuitry. The 
new film technique makes it possible 
to produce lines as narrow as 0.001 in. 
and spaced 0.001 in. apart. The use 
of a single metal in making all of the 
elements reduces the number of manu- 
facturing operations considerably. 

The growth of miniaturization on all 
levels is seen in the number of modular 
assemblies that are available as in- 
dividual components. Logic circuits for 
computers, audio amplifiers (one 4- 
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stage unit containing 12 resistors, 5 
capacitors, and 4 transistors measures 
0.531 in. in diam and 0.228 in. high), 
control units for industrial applications, 
and power supplies can all be obtained 
as essentially plug-in modules. Indi- 
vidual wafers containing pre-printed 
resistors and capacitors can also be ob- 
tained to be used in building special 
modules. 

The future of miniaturization is some- 
what of a question. Most development 
laboratories continue to try to reduce 
the size of standard components by 
various techniques, but at the same 
time they are working on methods 
which could, if successful, completely 
eliminate components as we know them 
today. These developments are known 
generally as molecular electronics, al- 
though the term is sometimes applied 
to techniques which are actually micro- 
miniaturization. Molecular electronics 
is the synthesis of a material in such 
a way that it has certain specific elec- 
tronic properties, so that, under the 
proper stimulation, functions may be 
obtained which were previously per- 
formed by a number of conventional 
components. Various solid-state phe- 
nomena are involved in achieving the de- 
sired function, including photoelectric, 
thermoelectric, and electromagnetic 
effects. Molecular electronics is receiv- 
ing widespread publicity and many de- 
velopments are to be expected. The 
majority opinion appears to be, how- 
ever, that it may be as much as five 
years before any concrete, practicable 
equipment is produced using molecular 
electronic techniques. Others are more 
optimistic. 

Microwave Amplifiers. The 
maser microwave amplifier is an ex- 
ample of what has already been done 
in the field of molecular engineering, 
the subject of this month’s Science and 
Engineering insert. The maser operates 
on the principle of molecular ampli- 
fication by the stimulated emission of 
radiation, from which it derives its 
name, and basically involves the sys- 
tem formed by a rotating charged par- 
ticle placed in a uniform d-c magnetic 
field. Mavar amplifiers, operating on a 
different principle, are also called non- 
linear reactances and are generally 
classed as parametric amplifiers. In 
them, amplification is obtained by re- 
generative mixing of electromagnetic 
fields of different frequencies which are 
coupled through time-varying reactive 
circuit elements. Both types of ampli- 
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fiers are being actively developed be- 
cause of their low noise characteristics 
in microwave applications. 

Power Sources. In connection 
with missile and rocket applications, 
much work is being done to improve 
‘resent sources of power and to ob- 
tain new ones. With normal power- 
generation equipment, the capacity 
needed to supply all the functions in a 
missile would amount to a staggering 
amount in terms of weight and space. 
Hence, all possible sources of electrical 
power, no matter how exotic, are being 
investigated, from solar energy to im- 
proved, miniature varieties of the com- 
mon silver-cell battery. The principal 
feature of most of these power sources 
is the absence of rotating parts, there- 
by achieving not only lower weight, but 
greater reliability and less noise. 

Generators operating on the prin- 
ciple of thermoelectric effects are being 
developed by several laboratories. A 
thermoelectric circuit acts as a power 
generator whenever a thermally _in- 
duced electric current causes heat to 
be absorbed at the hot junction and 
to be evolved at the cold junction. Half 
of the current research effort in thermo- 
electric generators is in developing new 
materials. Lead telluride and bismuth 
telluride are some of the materials 
being investigated. 

Theoretically, magnetohydrodynamics 
could produce electric current with an 
efficiency higher than any heat-energy 
to electrical-energy process of electrical 
generation now known. At least two 
companies have announced the develop- 
ment of MHD generators on a de- 
velopmental scale. In the MHD gen- 
erator, the energy contained in a high- 
temperature air plasma consisting of 
ionized atoms and electrons is converted 
directly into electrical energy by pass- 
ing it through a magnetic field. Approx- 
imately 1 kw has been obtained for a 
period of 5 sec. 

Fuel cells, which convert chemical 
energy to electricity directly, are also 
receiving a great deal of attention. Fuel 
cells vary in the nature of the cell re- 
action. the electrolyte, the temperature 
of operation. and the direct or indirect 
use of the cell reactants. Although they 
are expensive. cells which operate at 
temperatures below 250 C should find 
special-purpose applications. In the fu- 
ture, cells operating at higher tempera- 
tures may become competitive with 
more conventional sources of power. 

One manufacturer has developed a 


ferroelectric converter which produces 
high-voltage electricity from sunlight 
or other heat sources. It can supply 
either a-c or d-c with a converter ele- 
ment the size of a dime. Outputs of 
more than 1000 volts have been ob- 
tained. The converter consists of a pair 
of ceramic sandwiches (ferroelectric 
material between charged plates) which 
produce a current through the heating 
and cooling process. 

In standard batteries, one company 
offers miniaturization of a silver cell 
down to 1/5 the size and 1/6 the 
weight of ordinary batteries. Different 
models have capacities of 100 and 20 
amp-hr. 

Magnetic Devices. With the in- 
creasing importance of computers and 
computational devices, both as engineer- 
ing aids and as integral parts of sys- 
tems, a correspondingly increasing 
importance has been placed on the de- 
velopment and design of components 
peculiar to computers. A large share 
of the applied research in magnetic 
materials and components today is con- 
centrated on devices for the ma- 
nipulation and storage of information 
using magnetic fields as the means and 
magnetic moments as the media. One 
of the most important of these is the 
thin-film memory, which consists of 
thin films of 80-20 nickel-iron alloys 
deposited on glass by evaporation, sput- 
tering, or electroplating. When such 
elements are laminated to printed- or 
etched-circuit elements, quite compact 
structures result and extremely fast 
switching times are made _ possible. 
Other memory devices receiving con- 
siderable attention include those made 
of ferrite films, Twistors (conductors 
surrounded by a helical wrap of Permal- 
loy tape) and multi-aperture devices 
(MAD). 

Control System Components. 
Components for control systems are 
being improved and developed in keep- 
ing with the requirements of the sys- 
tems for which they are intended. A 
great deal of attention is being given 
to the development of specifications and 
standards for components for automatic 
feedback control systems to insure that 
individual components will be com- 
patible with others in the system with 
regard to dynamic response. Magnetic 
amplifiers, transformers, servomotors, 
analog-to-digital converters, and gyro- 
scopes have received particular atten- 
tion in this respect. Specifications for 
the dynamic response of these devices 
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have been prepared by committees of 
the AIEE and other organizations. 
Similar standardization work has 
been achieved in the relay industry by 
the approval and adoption by the 
American Standards Association of the 
“American Standard Definitions and 
Terminology for Relays,” which was 
developed essentially by the Associa- 
tion of Relay Manufacturers. New types 
of relays suitable for printed-circuit 
applications and modular construction 
are typified by the new glass-enclosed 
reed-contact relay described elsewhere 
in this issue (see p 302). 
Mechanical Components. Large- 
ly because of the demands of the 
military, tolerances on precision me- 
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“Convertible” sound-test room developed at Electro Dynamic 
Division in connection with the quiet-motor development pro- 
gram. Stiffened steel panels bolt to the walls of a “soft” test 
room to convert it to a reverberant chamber required for total 
sound-power measurements. To assure maximum flexibility in 
use, the entire structure was floated on vibration-isolating rails 
to secure maximum elimination of external structure-borne 
noise. Shafting is brought into the room through silencing 
glands in one wall to permit full-load motor testing from 1 to 
300 hp. The room is also shielded for radio interference. 


Low-Noise 
Motor Design 


Quiet motors are achieved through detailed engineering analysis 


of total design, not by applied remedies. Motor design involves 


the complex real and physical inter-relationships of materials, 


structures and non-linear electrical and magnetic parameters 


rather than analytical abstractions. For design guidance and 


for evaluation of effectiveness, a large part of a program for 


quiet-motor development therefore consisted of studies of noise 


and vibration measurement methods, units and specification 


definitions. 


HARRIS SHAPIRO, Assistant Division Manager-Engineering 
W. H. FALLON, Chief Electrical Engineer 

Electro Dynamic Division 

GENERAL Dynamics CoRPORATION 

Bayonne, New Jersey 


IN ROTARY MACHINES for both commercial and military 
applications, vibration and audible noise reduction is 
becoming mandatory. For naval vessels, audible noise 
limits the effective range of sonar and increases the 
danger of detection. Industrially, low-vibration motors 
are essential in machine tools to produce finer machine 
part tolerances, in air-conditioning equipment, fans, 
blowers and in other drives to minimize noise trans- 
mitted by structure or by air. 

A motor can not be made quiet if the electrical design 
leads to forcing frequencies in a range which can excite 
the motor mechanically. A motor can not be balanced 
to within low limits if dimensional fits and tolerances 
are not conducive to a balanced structure, if the me- 
chanical supporting arrangement is flimsy, or of course 
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if adequate provision for final balancing is not made. 
Beyond design considerations including tolerance speci- 
fication, quiet motors can be achieved only through con- 
trol and detailed check of component parts and their 
selection in combination in any assembly; in rotary 
machines this applies strongly to bearings. 


Electrical Design. For a quiet motor, the most im 
portant single parameter in the electrical design is the 
selection of rotor and stator slot combination. This can 
be done readily and most effectively through the use of 
a harmonic chart. The chart is a tabulation of primary 
stator harmonics and of the resulting induced rotor 
harmonics, and will give an indication of the modes of 
interaction of the harmonics and of the number of 
force-pole pairs that a particular interacting harmonic 
pair will produce to excite the motor. It can be shown 
that the number of force-pole pairs is equal to the sum 
or the difference of the interacting harmonics; the 
frequency produced by this interacting harmonic pair 
can be evaluated in a direct manner.* Generally, the 


* Electric Machinery, M. Liwschitz-Garik and C. C. Whipple, Vol. Il, Appendix 2, 
D. Van Nostrand Co., New York. 
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slot combination should be so chosen that the number 
of exciting force-pole pairs is as high as possible since 
the motor frame will usually be stiffer in these modes. 
The primary analysis is generally made through stator 
slot harmonics, as these have the same winding distribu- 
tion factor as their fundamental, and with their conse- 
quent high amplitudes are most significant in producing 
noise. 

Other electrical factors affect noise also. Flux densi- 
ties should be kept low to minimize double line-frequency 
vibrations, and air gaps should be made as large as 
possible to minimize the amplitude of harmonics rela- 
tive to the fundamental. In many commercial motors 
it is the regular practice to employ unbalanced fractional- 
slot windings in order to make maximum utilization of 
standard laminations. Such unbalanced windings are not 
admissible in motors which are to be quiet, since un- 
balanced line currents and consequent double line-fre- 
quency vibrations will result. Line-current unbalance for 
any reason must be avoided, as can be seen from Fig. 1. 
Low levels of line-current unbalance or of line-voltage 
unbalance can produce surprisingly high levels of vibra- 
tion in motors. 

The total number of slots in quiet-motor stators and 
rotors must be kept high to raise the frequencies of the 
exciting harmonics, particularly of the slot harmonics, 
and slot skews must be carefully selected, generally to 
eliminate the lowest-frequency slot harmonics. 

Because of variable-speed applications, the noise prob- 
lem in d-c motors may be more difficult than in a-c 
machines. With a wide speed range it may be difficult 
to avoid some resonant points over the operating range. 
The primary source of noise is armature-tooth pulsations, 
which give rise to a magnetic hum. Brush noise is 
normally not a serious factor in airborne noise, except 
at high speeds. Careful adjustment of brush pressure 
and proper commutator manufacture will tend to minimize 
this source of noise. 


Mechanical Design. Misalignment of frame and end 
bells which results in the cocking of ball bearings and 
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Fig. 1— Relation between current unbalance in a motor 
and noise level, at no lead. Vibration was measured on 
the foot of a horizontal foot-mounted motor. 
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frame distortion is a major source of structure-borne 
noise. To minimize this, housing-to-frame fits were 
changed from loose to interference classes. This provided 
a more concentric magnetic air gap with less current 
unbalance and associated noise. Interference fits also 
stress the frame and this tends to raise the resonant fre- 
quency of the machine for lower noise levels. 

Tight limits were set on eccentricity, ellipticity, 
parallelism and surface finish on all surfaces which 
affect bearing mountings and air gaps. For larger motors, 
a procedure was adopted whereby frames and housings 
were assembled without rotors, and bearing seats line- 
bored to improve alignment. 

Specific provisions were introduced in the rotor and 
armature designs to permit balancing to be accomplished 
at various stages of assembly. On large d-c motors, for 
instance, cores are balanced before winding in order to 
minimize the amount of final balancing required on the 
finished armature. Submarine motors have external bal- 
ancing rings so that the critical balance can be made 
after assembly, and again after being coupled to the 
driven equipment if necessary. 

To minimize airborne noise, it was found necessary 
to devote considerable design attention to motor fan- 
blade shape and other details to assure streamlined air 
flow. For noise reduction, wire screening for ventilation 
was found to be preferable to expanded metal (Fig. 2). 
Air cones, drip hoods, baffle plates and similar parts 
which tend to resonate were coated with sound-deaden- 
ing material, and consideration is being given to the 
use of cast and molded plastics parts for these functions 
to reduce airborne noise further. 

In order to meet motor-temperature limitations, a 
certain volume of air must be moved through a ma- 
chine, usually in the order of 125 cu ft per-min per kw 
of electrical loss, so that there will always be a certain 
amount of air noise. Passages or air ducts through a 
motor can be troublesome, producing noise which ap- 
pears as broad-band with peaks. Rounded corners and 
smooth surfaces can help a great deal in noise reduction. 
Radial air ducts through stator and rotor are sound- 
producing elements; proper tapering of duct spacers and 
off-setting of rotor ducts with respect to stator ducts 
can be beneficial. 


Ball Bearings. After the described electrical and 
mechanical noise-reduction design factors had been in- 
corporated in motors, it was found that the ball bearing 
was the most important remaining element contributing 
to total structure-borne noise. An extensive ball-bearing 
practical research program was instituted and is con- 
tinuing since it was found that the ball-bearing noise 
question had numerous ramifications, involving insepar- 
able design and production specification control factors. 

A fundamental design procedure was the study of all 
surfaces which contact the ball bearings and the intro- 
duction of any necessary changes in detail in the interest 
of noise reduction. For instance, bearing lock-nut key- 
ways are end-milled in order to avoid having the keyway 
extend appreciably under the bearing inner race, as 
will be the case when using keyway cutters. Wavy-spring 
washers have long been standard auxiliary components 
to aid in suppression and damping of bearing noise, 
offering pre-load to eliminate bearing-retainer rattle. 
However, the fact that the pre-loading thus obtained is 
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applied at only a few contact points can be troublesome. 
One of the original developments in the Electro Dynamic 
quiet-motor design program has been a highly effective 
bearing pre-load washer in the form of a laminated 
structure containing a resilient layer and presenting flat 
metal faces to the bearings and to their mounting sur- 
faces. This washer applies uniform bearing pre-load and 
is also effective as a sound-absorbing agent. It has been 
found that the amount of pre-load is a critical factor; 
too little results in excessive retainer rattle and the 
generation of high-frequency structure-borne noise, 
whereas too much pre-load produces low-frequency noise 
and possibly bearing over-heating. Provision has been 
incorporated in the motor design for making bearing 
pre-load adjustments on motors while they are actually 
under test. 

It became clear almost as soon as the first “super- 
quiet” motor was built that by using noise-tested bear- 
ings manufactured to MIL-B-17931 it would not be pos- 
sible to meet the stringent requirements for quietness 
required of submarine motors. A ball-bearing test and 
evaluation program was instituted as an important part 
of the quiet-motor project. It became clear that a pro- 
hibitive amount of motor re-work and experimentation 
with individual units in production would be entailed 
if the key items in the noise-reduction campaign—the 
bearings—were selected at random. Prior to the insti- 
tution of a methodical bearing test program and the 
development of test methods and standards, the bearing 
rejection rate on noise-tested bearings was in the order 
of 60 per cent, which was intolerable. 

The key instrument in the bearing test program is an 
“Anderometer”, the instrument used by bearing manu- 
facturers and the standard employed by the Naval En- 
gineering Experiment Station (EES). This instrument 
measures noise output of a bearing using a velocity pick- 
up mounted on the bearing outer race. As the bearing 
is driven at a constant speed, the output in “anderons” 
is then a measure of change in radial displacement with 
respect to angular displacement. It has been found neces- 
sary to apply 100 per cent inspection of bearings using 
this test, for all applications both military and commer- 
cial. Bearings are segregated effectively on the basis of 
their anderon readings, the quietest being used on the 
most stringent applications. It has been definitely estab- 
lished that a bearing having low anderon levels will 
result in low noise levels in a motor, with other factors 
controlled.* 

When a choice between ball bearings and sleeve bear- 
ings is possible, the former are always preferred because 
of their inherently lower maintenance requirements. The 
design problem with sleeve bearings on submarine motors 
is especially complicated by the fact that many of these 
applications are for close-coupled pumps requiring high 
motor-thrust capacity, and a submarine motor must be 


capable of operating in a position 60 deg from the vertical: 


without loss of oil. Sleeve bearings have been and are 
used in many commercial applications, particularly on 
fans and pumps in air-conditioning equipment, for quiet- 
ness. This reason for using sleeve bearings may be largely 
traditional; it is possible that, with the ball bearings 
now available and with the proper application technques, 
ball-bearing motors can be made sufficiently quiet. 


*See also “Tests for Smooth-Running Rolling-Contact Bearings,” T. W. Morri 
son and T. Tallian, Exectratcat, Manuractuntne, July 1959, p 100 
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Fig. 2— Motor with wire-mesh protected vents instead of cus- 
tomary expanded metal or louvers. 


There are other reasons for the use of sleeve bearings, 
however. Elevator-equipment manufacturers have opposed 
the use of ball bearings not only because of noise and 
vibration but because of the difficulty, with ball bearing 
motors, of obtaining the adequate axial and radial 
freedom which are necessary in the design of hoisting 
equipment. The motor must be solidly coupled to the 
high-speed shaft of the hoist, with no backlash, so that 
flexible couplings are not possible. Furthermore, it is 
the practice in hoisting equipment to incorporate the 
brake at the point of coupling. During operation of a 
hoist, the high-speed shaft carrying the driving worm 
goes through a cycle of axial movement each time the 
load car is started and stopped. The shaft of the motor 
must follow this axial movement with a minimum of 
opposition. If a ball-bearing motor is used, the outer 
races of the bearings must be loose enough to permit 
axial movement of the bearing, which would normally 
lead to wear and ultimately to vibration and noise. For 
ball-bearing motors for elevator service, Electro Dynamic 
has developed a design in which an O-ring is used to 
exert pressure on the bearing outer race to prevent the 
rotation of the race, thus minimizing wear and conse- 
quent vibration. In elevator equipment, both airborne 
and structure-borne noise is intolerable. 


Noise Testing. The nature of vibration and noise 
wave forms and their resulting electrical signals must 
be analyzed to be of use in design engineering. Most 
sounds and vibrations are of a composite nature. The 
analysis of such complex wave forms by methods other 
than electronic would be extremely difficult; to attempt 
a mathematical analysis of a wave form consisting of a 
large number of components would be impracticable. 
For example, the frequencies of discrete sinusoidal ele- 
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installed. Room power range is 5 db in the 20-75 cycle band 


and | db in the 4800-10,000 cycle band. 


ments in a composite noise or vibration signal may 
range from 10 eps to 10 ke and higher. 

The problem in selecting a sound test facility is that 
there is no unanimity of opinion on the proper criteria 
for evaluating motor noise. Most Government specifica- 


tions require that sound-pressure readings be taken 3 ft 


from a machine under test and a minimum of 3 ft from 


any sound-reflecting surface—an attempt to approach 
“free field” sound-pressure readings. On the other hand, 
other specifications require the measurement of total 
different 
consideration. For the measurement of sound pressure, a 
“soft 


whereas for the measurement of sound power, a rever- 


radiated sound power, which is an entirely 


room” with sound-absorbent walls is necessary, 
berant room with reflecting walls is necessary to create 
a field of essentially uniform sound-power distribution. 

A soft room is more suitable when directional noise 
measurement is important, as it is in most commercial 
applications. The reverberant room is to be preferred 
the 


source and total sound power is desired. For the quiet- 


when interest is centered on machine as a noise 


motor program, the problem was solved by building a 
convertible In normal the 
anechoic, or soft. To convert to the reverberant state, 


room. its state, room is 
sheet-steel panels are bolted to the walls. These panels 
are stiffened by ribs so that they will be under stress 
when bolted to the walls and will thus have a _ better 
high-frequency response. The attenuation and absorp- 


tion characteristics of the soft condition, and the re- 
verberation characteristics of the room when equipped 
with the steel panels, are shown in Figs. 3 and 4. The 
excellent reverberation characteristics are illustrated by 
the small changes in the decibels to be added to the 
sound-pressure figures to get sound power over the 
various octave bands. 

In undertaking a noise-reduction and sound-measure- 
ment project, it is found that, in addition to the basic 
differences in modes of sound-measurement specification, 
there are even more pronounced differences in common 
use in connection with sound units and their relations 
to one another. Accelerometers are the best available 
vibration-measuring instruments, and acceleration is 
therefore the most conveniently measured quantity. 
Displacement, however, is the basic quantity relating to 
machine and use, whereas 


balancing specifications 
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Fig. 
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Sound-room reverberation characteristics, steel panels 


3—Sound-proof room characteristics, “soft” condition. 
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Frequency, cps 


db addition to sound pressure for sound power 


velocity has always been the quantity used by the Navy 
and a wealth of data is available in terms of velocity. 
Overall 
importance of lower frequencies, which are the most 
important in connection with structure-borne noise. On 
airborne noise, the mass of available data is in terms of 


velocity measurements tend to emphasize the 


sound pressure; the use of sound power is relatively 
recent. 

The common expression of sound intensity in terms 
of pressure is in dynes/sq cm = pbars. In order that 
the wide range of sound pressure which can be detected 
and compared may be covered, a logarithmic scale is 
employed. Electrical rotating machines generate a con- 
tinuous frequency spectrum. Because of the dynamic 
drift of these frequencies, testing is best done using a 
constant band-width analyzer; that is, one in which the 
band-width is a certain percentage of the center fre- 


Ss 


quency measured. For further study, a noise analysis 
must be easily interpreted; this can be done by using a 
level recorder in conjunction with the audio-frequency 
analyzer. The recorder will show the signal magnitude 


Fig. 5 - Chart for ready conversion of db, and db,. 
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on a logarithmic scale, giving both small and large am- 
plitudes with the same relative accuracy. 

The most common units of sound measurement now 
is use can be so defined that their relations to one another 
may be established: 


Acceleration decibels = db, = 20 log A;/Ao 


where 
A, 
Ao 


= measured acceleration, cm/sec” rms 
= base acceleration, = 10~* cm/sec” rms 


{ Note: All log values are to the base (10).] 


Velocity decibels = dby = 20 log V;/Vo 


where 
Vv, 
Vo 


= measured velocity, cm/sec rms 


= base velocity, = 10~° cm/sec rms 
Force decibels = db; = 20 log F,/F5 


where 
F, 
Fy 


Sound pressure decibels = dbp, = 20 log P;/Po 


measured force, lb peak 


base force, = 10~* lb peak 


where 
P, 
Sound power decibels = dbp. = 20 log W,/Wo 


measured pressure, dynes/sq cm 


base pressure, = 0.0002 dynes/sq cm 


where 
W, 
W, 


measured power, watts 


base power, = 10~'° watts 


If the readout from a graphic recorder is in terms of 
db, against log of frequency, f, a linear db, scale can be 
drawn on the readout scale and the results interpreted in 
terms of either of the desired units: 


2nf V; 


07" * 10~° 


db, = 20 log A,/Ao = 20 log A,/10~* = 20 log 


y 
db, = 20 log- ae + 20 log (2xf X 10~*) 


i 
db, = db, + 20 log (2xf X 10~*) 
(Note: At f = 159 cps, db, = db,.) 


A chart is shown in Fig. 5 with both the velocity and 
acceleration scales indicated. 
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Fig. 7 — Block diagram of motor vibration-test arrangement. 
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Fig. 6 — Decihels to be added to db, to give db,. 


Force decibels, db;, are related to acceleration decibels, 
db,, through the weight of the machine under test: 


Petters 
9 


Ww a Ww 
= 20log ( — i —— } = 20log — +201 
o6(" \iss) °B O90 + 70 8 


Ww 
db, + 20 log — 
a + 20 log 355 


A 


20 log t=? 


_ 


db, 


where 
W = weight of test unit, lb 


F = measured force, lb peak 


(Note: At 980 lb, db, = db,.) 

If the weight of the test unit is measured, then the 
constant to be added to db, to give db; is readily calcu- 
lated and a force scale can be placed next to the accelera- 
tion scale, Fig. 6. 

Block diagrams of the machine analysis test arrange- 
ments are shown in Figs. 7 and 8. Since vibration, 
especially in the higher frequencies, may be a function 
of accelerometer pickup position and form of mounting, 
the pickup mounting for all sound-tested applications 
is photographed and made part of the test record; the 
final sound test on a motor is recorded on tape and 
this also is made part of the test record. o0Oo 
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Precision Ball Bearings for 
Electromechanical Instruments 


Exacting bearing requirements for rotary 
feedback and signal devices — synchros, 
resolvers, potentiometers, gyros — used 


in servo and guidance systems have 


created new demands on the ball-bearing 
manufacturers. Choice of materials, lu- 
bricants and load-life factors are reviewed 
in this article. Discussion is limited to 
small ball bearings, approximately 1 in. 
OD and below. 


W. W. ANTRIM 

Senior Project Engineer 

New Derartrure Division, Generar Motors Corporation 
Sandusky, Ohio 


DESPITE ITS INHERENT SIMPLICITY, the ball bearing re- 
quires the serious attention of the instrument design 
engineer, and bearing selection—the art of selecting the 
bearing which satisfies all requirements of the applica- 
tion—is a highly important phase of his work. This 
article will deal with the elements of ball-bearing appli- 
cation factors in representative types of critical instru- 
ments. 

The basic instrument bearing is an assembly com- 
posed of an outer ring, an inner ring, several balls, and 
a separator. All of these components are manufactured 
to unusually high standards of quality and precision. 
Common variations which are readily available are a 
flanged outer ring, and shields or seals on either or 
both faces of the bearing. These variations follow certain 
standard design dimensions and proportions. However, 
the design and assembly characteristics of certain in- 
struments are such that no standard bearing, or any 
of its common derivatives, can be fitted. In these in- 
stances, the instrument designer usually enlists the co- 
operation of the bearing manufacturer in developing 
special designs to suit the requirements. This approach 
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sometimes results in the elimination of one or more 
of the bearing rings and in grinding the ball race in 
the motor part. This integral construction reduces the 
tolerance build-up between the bearing and its mating 


parts. 


Bearing Materials 

Instrument bearings are most commonly available in 
high-carbon chrome steel (52100 or 51100, with 0.95- 
1.10 carbon) or stainless steel (440 C, with 0.95-1.20 
carbon). High-carbon chrome steel is the most widely 
used material in the general size range of 3 to 1 in. 
OD, while stainless is used almost exclusively in the 
miniature sizes. The high-carbon chrome steel bearings 
are generally suited for most applications, while the 
stainless-steel bearings are used where extra corrosion 
resistance is desirable. A great deal of development work 
is also being done in the area of elevated temperatures 
(500 to 1200 F) and to date the tool steels are perform- 
ing best. 

For optimum bearing performance, a hardness of 
approximately 62 to 64 Rockwell “C” scale is desirable 
for rings and balls. At the present time, this range offers 
the best compromise between intolerable brittleness and 
a loss of desirable torque and load-carrying character- 
istics through softness. 

The ball separator material may be pressed steel, non- 
metallic, or special, depending upon the application. 
Three of the most common separator designs used in 
instrument bearings are illustrated in Fig. 1. These are: 
the pressed-metal, one-piece, land-riding L type; the 
pressed-metal, two-piece, ball-riding ribbon type; and 


Ribbon ‘Non-metallic 


Fig. 1 — Standard ball-separator types defined. 
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the machined, one-piece, non-metallic type. The pressed- 
steel L type one-piece inner ring-controlled separator 
may be hardened, and this offers some advantage from 
the wear standpoint. The L type is most commonly used 
for applications of bearings of the size range of % in. 
OD and below, including such electromechanical devices 
as synchros, servo motors, instrument gear trains, etc. It 
offers the advantage of low torque and minimum wear 
at moderate speed. For larger sizes, where more annular 
space is available between the rings, a ball-controlled rib- 
bon-type separator is generally used. For high speeds, how- 
ever, the pressed-steel separators may provide inadequate 
life, particularly under conditions of marginal lubrication. 

In applications such as gyro spin motors, where smooth 
running and long life must go hand in hand, the non- 
metallic separator is the obvious selection due to its lower 
coefficient of friction. Non-metallic separators in their 
most popular form are machined in one piece from 
cotton or paper-filled phenolic tubing (as well as other 
materials) which are specially manufactured for resili- 
ence and porosity. By a rather elaborate procedure, it is 
possible to impregnate this material with oil, which 
feeds to the bearing components as required throughout 
their life. In other applications, where motor torque is 
not marginal, grease lubrication is used with the non- 
metallic separator and an extremely long life can be 
expected. 

For special applications, there is no one separator 
material which may be said to be the answer. Many 
problems fall into the single category of high tempera- 
ture. Since these high temperature ranges vary greatly, 
and the materials which have been tested for separators 
to date have characteristics which differ within the 
various temperature-range requirements, each applica- 
tion and design must be considered individually. 


Lubrication 


Standard ball-bearing lubricants fall into the two 
general categories of greases and oils. These are further 
categorized into distinct chemical groups, such as pe- 
troleum, diester, silicone, etc. The petroleum and syn- 
thetic diester lubricants are used somewhat interchange- 
ably in many applications. In high-speed applications, 
where marginal lubrication is dictated by the design, 
the petroleum oils have shown a substantial edge over 
the diester oils; however, there are many high-speed 
applications (such as gyro spin motors) which use the 
diester greases and there is no significant margin be- 
tween the petroleum and diester greases as regards life. 
The diester and petroleum lubricants generally provide 
a more favorable bearing torque due to the generally 
lower viscosity at the higher temperatures as compared 
to the silicones (see Fig. 2). The silicone compounds 
were developed primarily for high-temperature applica- 
tions, as shown by Fig. 3. Their film strength is quite 
low compared to those of the petroleum and diester 
families. They are available in a wide range of viscosi- 
ties, and some of these have a quite favorable viscosity 
vs temperature characteristic. This desirable characteris- 
tic might be described as a stable viscosity index through- 
out the entire range from —75 to +350 F (Fig. 2). Some 
of the silicone greases used in high-speed applications 
have provided remarkably good life and good lubrica- 
tion as measured by a minimum of apparent pre-load 
loss in duplexed, pre-loaded bearing pairs. Their chief 
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Torque , gm-cm 


Temperature , deg F 


Fig. 2— Typical running torque at 1800 rpm vs temperature for 
two classes of lubricants. 


disadvantage seems to be their tendency to granulate, 
and thus lose lubricity, under vibratory shock conditions. 

Dry lubricants have received a lot of attention from 
bearing manufacturers and users in recent years, and 
some have been found to perform reasonably satisfac- 
torily under certain conditions. The performance of those 
dry lubricants tested to date has, however, been erratic 
and confidence in predictable reliability has not been 
established. Most dry-film compounds cannot be broken 
down to particle sizes which will permit the degree of 
smoothness required for instrument-bearing applications. 

In the future, gas-lubricated ball bearings may find 
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Fig. 3— Operating temperature ranges for lubricant families. 
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Fig. 4— Effect of race shoulder height on static thrust load 
limit of ball bearing. 


application. The present-day designs for which this ap- 
proach is being considered are high-speed, high-tem- 
perature units which may be required to have consider- 
able life and where the temperature requirement is above 
the capabilities of standard lubricants such as oils and 
greases. A great deal of development remains to be done 
in this field, and the effective utilization of gas-lubricated 
bearings may not be achieved for some time to come. 
Nevertheless, this approach to the solution of many 
high-temperature bearing problems is not being neglected 
in present design thinking. 


Static Loading 


Radial load capacities result from a combination of 
the curvatures, ball diameters, number of balls, and the 
ball circle diameter from which a figure is produced 
indicating the non-brinelling capacity of that bearing. 
Hertzian compressive stresses* are the prime considera- 
tion in static radial capacity and these stresses, along with 
shoulder-height limitations, are criteria in estimating 
static thrust capacity. 

Limiting thrust load capacity is dependent upon two 
factors, one of which is the load that produces Hertzian 
compressive stresses so great that permanent deforma- 
tion of the race surfaces will occur. It is at this load 
point that “brinelling”, or indentation of the races by 
the balls, occurs. This factor of thrust capacity is gov- 
erned by number of balls, ball size, radius of race curva- 
ture, and the contact angle. The second, but often no less 
important, factor in limiting thrust capacity is shoulder 
height. This term may be better understood as the race 
groove depth or shallowness relative to the size of the 
ball. Inasmuch as an analysis of elastic deformation and 
specific geometric relationships are beyond the scope 
of this article, let it be simply stated that as thrust load 


* Stresses obtained by Hertz’ theory for calculating contact form and size be- 
tween elastic bodies. 


272 


is increased, the ball contact ellipse moves up the side 
of the race toward the shoulder, as illustrated by Fig. 4. 
When thrust load is great enough to move the ball con- 
tact point to the actual edge of the race, unit stress 1s 
increased to the point where the bearing is damaged. 

Instrument bearings are lightly loaded in most appli- 
cations, and very rarely fail due to common fatigue, 
as evidenced by spalling of races and balls. Usually, 
the criterion for failure is increased torque, which may 
be a result of lubricant failure or an accumulation of 
small wear particles (from the separator or from some 
external source) that impairs the function of the bearing. 
Therefore, a lot of speculation is necessarily involved 
in any prediction of the life of a bearing in a specific 
application without actually testing it under those con- 
ditions. There seems to be little justification for pub- 
lishing life figures in bearing manufacturers’ catalogs 
or technical data sheets for instrument bearings, unless 
such figures are based on results of very extensive 
life testing in every application of each bearing. 


Mounting Fits 

Mounting fits of instrument bearings are of extreme 
importance, particularly when considering the thin-sec- 
tion miniature series bearings. Generally, in an applica- 
tion where the shaft revolves and the housing is station- 
ary, a fit of line-to-line on the shaft and of 0.0002 in. 
loose on the housing are ideal. In the opposite case, with 
the shaft stationary and the housing revolving, it is 
recommended that a 0.0001-in. loose fit be used on the 
shaft, with a line-to-line fit on the housing. It is of 
extreme importance that the shaft and housings be kept 
as perfectly round as possible, since the thin-section 
bearing rings will tend to take the shape of the mount- 
ing component and this is translated to the races. There- 
fore, if a thin-section miniature bearing were mounted 
on a shaft which had an out-of-round condition of 0.0005 
in., this same out-of-roundness could be expected to be 
found in the inner ring ball race in the mounted condition. 


Specific Application Recommendations 


Servos. A typical example of a recommendation for 
a specific application might be as follows: 

The choice between bearings of 52100 steel or 440 C 
stainless for servo motors would be based solely upon 
conditions of bearing handling and environment, as 
either material is suitable for this application. Most of 
today’s instrument and component builder’s facilities 
are such that little corrosion hazard arises in the exposure 
and handling of bearings in their assembly rooms. How- 
ever, if there is any doubt as to whether the bearing- 
equipped device will encounter high humidity or other 
corrosive atmospheres, stainless steel should be chosen. 

The bearing separator can be of the pressed-steel type 
and its design (that is, the choice between an L type and 
ribbon type) should be based on the availability of 
types from the manufacturer. Properly designed, it makes 
no difference which type is used and either can be 
designed for low starting torque, which is particularly 
important at cold temperatures. 

The recommended lubrication would be dependent 
upon the specifications of the motor: those of particular 
interest would be the entire temperature range in which 
the motor must operate and its speed and power. Where 
possible, the designer of the motor should build in 
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ample power to overcome bearing torque due to the 
lubricant. Grease is generally more suitable, since oil 
can be thrown out or can migrate to some area where 
it is of no use to the bearings. The type of grease 
recommended for applications within the medium oper- 
ating temperature range (—65 to +250 F) would be 
either a petroleum product or a diester, either of which 
would contain a metallic soap thickener. Both of these 
lubricants have met with considerable success in such 
applications. If an oil lubricant were recommended, most 
likely it would be a diester oil meeting the specification 
MIL-L-6085A.* 

The internal fitup of the bearing would be somewhat 
dependent upon the design of the motor to the extent 
of whether the air gap was controlled by the radial play 
in the bearings, or was actually shimmed out. Usually, 
the ranges of free, unmounted radial play from 0.0003 
to 0.0005 in., or from 0.0005 to 0.0008 in., are quite 
satisfactory for this application. 

The bearing should be functionally tested to make 
sure smoothness is above that normally found in a 
commercial-grade bearing. This test should include some 
type of vibration-sensing device. 

Shields would be optional, depending upon the appli- 
cation and handling facilities. One shield is often desir- 
able on the side of the bearing which faces the outside 
end of the motor. 

Synchros (Repeaters, Resolvers). The choice of 
materials for races and balls would depend upon the 
same considerations as listed under servos. The separator 
should be of the pressed-steel design, and may be either 
of the L type or the two-piece ribbon type. In either case, 
the separator should be designed and executed to provide 
for a complete freedom from lockup. 

The radial play or internal fitup is dictated by the 
design, as mentioned above for servo motors. For most 
synchro applications, a radial play in excess of 0.0005 
in. is not recommended, since the radial play of the 
bearing frequently controls the air gap. 

The lubricant is always an oil in minimum quantity 
and should be of a type which will not migrate to any 
great extent away from the bearing, and should have 
low viscosity to allow for low and uniform starting 
torque. Generally, those oils which meet the MIL-L-6085A 
specification are quite satisfactory for these applications. 

The bearings should be capable of passing a critical 
torque test whether it be a starting or running test; 
the starting test is usually recommended. The starting 
torque requirement for the bearing is based upon that 
which is tolerable to the synchro itself, contingent upon 
the performance limitations of the bearing chosen. 

The bearings should be protected from external con- 
tamination, either by having the bearings shielded or 
by providing a shield on the synchro housing. Shields 
will provide a better chance for consistent bearing per- 
formance over a long life period. 

Gyro Gimbal Bearings. All of the recommendations 
listed under synchros apply here except that a higher 
radial play can usually be tolerated due to the universal 
practice of removing internal looseness by shims or 
other adjustments at assembly. This practice is ad- 
vantageous to the extent that a lower and more consistent 
torque can be expected when using a looser radial play. 


*See ‘‘Military Specifications for Ball Bearing Lubricants,’ Evectrica. Manvu- 
racTuRING, December 1959, p 128. 
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Depending on the bearing size, a radial play of 0.0005 
to 0.0008 in. or of 0.0008 to 0.0011 in. is recommended. 

Gyro Spin Motors. To date, the best experience in 
gyro spin motor bearings has been obtained with 52100 
steel rings and balls. In most cases, stainless steel offers 
no advantages. 

The separator should be of the non-metallic variety 
to insure long life without wear. The design of the 
separator depends upon the design of the bearing, which, 
in turn, looks to the spin motor design itself for these 
criteria. There are two basic designs of non-metallic 
separators used in these bearings. The most common 
type is a ring with holes provided for the balls. This 
type is used when either the inner or outer ring of 
the bearing is either separable or snap-assembled. It 
is also possible to build a Conrad (deep groove) type 
bearing with a non-metallic separator by providing slots 
from the face of the separator to the ball holes, so that 
the separator can be snapped in from the side of the 
bearing, such as is done in the pressed steel L-type 
separator. While two-piece riveted non-metallic separators 
are used in larger Conrad-type bearings, they become 
impractical in the smaller sizes under consideration. 

Lubricant choice would depend upon the design of 
the spin motor. If possible, a grease should be chosen 
since it will offer greater life. Even if the grease pack 
is used, the non-metallic separator should be impregnated 
with an oil which is compatible with the grease. The 
lubricant base could be either petroleum, diester, or sili- 
cone. If a grease pack cannot be tolerated, then the only 
choice for lubrication is the impregnation of the separator 
with an oil. 

The internal fitup of the bearings would be dependent 
upon whether or not the spin motor has an isoelasticity 
requirement. (Isoelasticity is that design characteristic 
which permits rotor deflection to be coincidental with 
the direction of the external force responsible for that 
deflection, thereby reducing gyro drift caused by un- 
predictable mass shifts.) If isoelasticity is required, the 
system must be carefully analyzed, but a ball contact 
angle on the order of 35 deg and limits of +1 deg would 
be recommended along with the proper preload. Where 
isoelasticity is not required, a lower contact angle is 
perfectly satisfactory. 

The bearings should have some type of vibration test 
which would insure their free running and ease of 
balancing in the application. 


Summary 


The designer of critical instrument rotary components 
has the final responsibility of getting the right bearing 
in the right place. He must make the choice of materials 
for rings and balls. The materials and basic designs of 
separators must be considered for each specific appli- 
cation. Confidence of reliability is also affected by the 
choice of lubricant, as well as mounting fits and loading 
considerations. There is no general recommendation for 
any application; each must be carefully considered in- 
dividually. The designer should, therefore, take full ad- 
vantage of the engineering services offered by the major 
ball-bearing manufacturers. OOO 
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Parts densities for a binary divider constructed by various miniaturization techniques. Top to 
bottom: solid circuit, DOFL "2D" wafer, Globe Union wafer, Army Signal Corps micromodule, 
miniature commercial component parts on an etched-circuit board, and miniature commercial 


component parts in a welded assembly. 
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Materials and Techniques 
For Microminiaturization—1 


Developments in miniaturization (and, 
subsequently, microminiaturization) 
over the last 20 years have produced 
truly remarkable results in the reduction 
of the size of electronic circuitry — a ne- 
cessity for airborne equipment. At pres- 
ent, complete circuits employing uncased 
components are being built up in nearly 
two-dimensional form. For the future, 
integrated and functional solid circuits 


offer even greater reductions. 
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To DEFINE THE TERM “microminiaturization”, the terms 


“miniaturization” and “subminiaturization”, as they apply 


to the electronics industry, must first be defined, and then 
the concept of solid circuits must be applied. 
“Miniaturization” was first used to describe the design 
of equipment containing vacuum tubes having a diameter 
of only about 0.69 in. Such tubes appeared in the 1920s. 


Editor's Note: In the second part of this article, to be pub- 
lished next month, materials and techniques for the micro- 
miniaturization of capacitors, inductors, protective coatings, and 
diodes and transistors will be discussed. The current state of 
the art of integrated solid circuits will also be presented. 
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The same term was then carried over to describe the design 
of equipment containing button-based tubes which appeared 
in the early 1940’s. About 1945, tubes of diameters as small 
as 0.25 to 0.375 in. began to be produced for use in hearing 
aids and the design of equipment containing such tubes 
was labeled “subminiaturization”. 

The history of the application of printing techniques in 
the electronics industry also dates back to the 1920’s. For 
example, a printed-wiring patent (1)* was issued in 1927 
to cover the printing of an adhesive ink onto a non-conduc- 
tive surface so that the surface could then be metallized 
and electroplated. However, the development of printed- 
circuit techniques for the production of small flat com- 
ponents did not begin to gain real momentum until the 
time of World War II. In 1945, as a result of pioneering work 
on a stencilled-screen process by Globe Union, Inc., Centra- 
lab Division, that organization, in conjunction with NDRC, 
Division 4, began to apply their techniques to the mass 
production of a radio proximity fuze under development 
by the National Bureau of Standards Division 13 (now the 
Diamond Ordnance Fuze Laboratories). (2) This fuze was 
employed in an 8l-mm mortar shell; and, by the use of 
circuits printed on steatite plates, the complete fuze was 
held to overall dimensions of about 5.5 in. in length and 
2.5 in. in diam. With the development of transistors by 
Bell Telephone Laboratories in the late 1940’s, further 
significant size reductions in electronic equipment were 
made possible. 

In 1952, Dummer (3) envisioned the production of elec- 
tronic equipment “in a solid block with no connecting wires,” 
with the block to “consist of layers of insulating, conducting, 
rectifying, and amplifying materials” and the electrical 
functions to be “connected directly by cutting out areas of 
the various layers.” Thus, the concept of solid circuits, 
wherein all components are an integral part of the sub- 
strate, evolved. In 1957, Brunetti (4) applied the word 
“microminiaturization” to the design of electronic equip- 
ment using solid-state and other non-thermionic devices, and 
he specified that the purpose thereof was to obtain size 
and weight reduction of an order of magnitude below that 
of subminiaturization. 

Brunetti’s term, as applied in Diamond Ordnance Fuze 
Laboratories (DOFL), covers the reduction in size and 
weight of all subminiature electronic component parts in- 
cluding: 


(4) capacitors 
(2) conductors (5) protective coverings 
(3) resistors (6) inductors 

(7) solid-state diodes and transistors 


(1) substrates 


In the proximity fuze of 1945, the first five of these com- 
ponents were made, respectively, from: (1) ceramics, (2) 
printed silver ink, (3) printed conductive carbon inks, 
(4) high-k (high electric strength) titanates in the shape of 
disks which were soldered in place, and (5) coatings of 
mica-filled phenolic resin, which was subsequently im- 
pregnated with wax, and encapsulations of natural waxes 
and resins. Printed inductors were not employed, although 
their preparation by printing silver paint on a baseplate, 
plating to required thickness, covering with a layer of 
insulation, and printing again had been carried out in the 
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laboratory. (2) Likewise, solid-state diodes and transistors 
were not employed because they did not exist; instead, sub- 
miniature tubes were soldered to the baseplate. 

In more recent years, etched and plated circuit boards 
have found wide application and new methods of printing 
capacitors (5) and resistors (6) have been developed. 
New polystyrene (7) and epoxy resins have been found 
for encapsulation. Probably the most significant develop- 
ments of the past two years are the technique of mounting 
a caseless transistor in a thin steatite substrate using photo- 
resist masking, as described by Nall and Lathrop (8), and 
the combination of this technique with printed-circuit 
techniques, as described by Doctor and Davies (9) and 
Prugh (10), to produce a significant increase in the number 


Fig. 1 — Two-dimensional (“2D”) microminiature circuit devel- 
oped by Diamond Ordnance Fuze Laboratories. Five steps in 
fabrication are shown in foreground. Unit occupies less than 
1/100 of the volume of a similar conventional etched-board 
miniature assembly and employs a steatite baseplate, printed 
resistors, printed wiring, reduced titanate capacitors, and photo- 
lithographic transistors and diodes. 
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Fig. 2— Miniaturization of a 10-stage binary counter from 
vacuum-tube version (background), to normal transistorized 
version (left front), to miniature commercial component ver- 
sion (center), to caseless “2D” component version (right). 
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of components that can be packaged per unit volume. 
For example, approximately 200 binary counters dissipating 
2 milliwatts per counter could be packaged in 1 cu in. and 
densities of 2800 components per cu in. realized. (11, 13) 
The steps involved in the preparation of the module, which 
will be described later, are shown in Fig. 1. 

As further evidence of the advances that have been made 


in microminiaturization, the comparative sizes of four 


versions of a 10-stage binary counter are shown in Fig. 2. 
The volume reduction attainable with DOFL “2D” (two- 
dimensional) stages is apparent. In the headpiece at the 
beginning of this article, the numbers of components 
packageable per cubic inch are shown for several techniques 
of miniaturization. It can be seen that, although the DOFL 
“2D” wafer represents a significant advance, solid circuits 


offer even brighter prospects for the future. 
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Substrates. Top row, ceramic and glass: left to right, steatite 
plate used in early proximity fuzes, steatite plate used in Project 
Tinkertoy, steatite plate used in DOFL “2D” stages, glass “2D” 
wafer for vacuum and chemically deposited components, Corn- 
ing “Fotoform”, and an alumina substrate for the “micro- 
module” program. Bottom row: left, copper-clad plastics sub- 
strate; right, solid-circuit germanium substrate. 





Ceramic and Glass. As indicated previously, the first mass- 
produced printed circuits employed a ceramic substrate, a 
thin steatite plate as small as 1 & 1 X 0.08 in. Because of 
their stability at high temperatures, steatite plates are also 
a commonly used type of substrate in microminiaturized 
assemblies although their dimensions have been reduced to 
those of a wafer 0.5 * 0.5 & 0.02 in. (9) 

Steatite plates and wafers are made commercially by 
molding a mixture of tale, clay and a flux and then firing 
the mixture. Unfired stock may readily be machined, drilled 
and ground but is dimensionally unstable. On firing, the 
stock shrinks to a dimensionally stable ceramic which is 
completely impervious to moisture and which must be 
machined by relatively laborious methods involving the 
use of high-speed grinders and diamond drills and saws. 
It is, therefore, preferable to fabricate a desired shape 
in the unfired state and allow for shrinkage. Allowance 
for shrinkages of the order of 20 per cent creates problems 
when it is necessary to fabricate within the normal dimen- 
sional tolerances of about + 1 per cent. Recently it has 
been reported that ceramics made from lead bisilicate and 
clay can be fabricated to yield zero firing shrinkage. (14) 

Ceramic substrates are sensitive to shock and are brittle. 
Breakage of the substrate after assembly can be eliminated 
by proper mounting, such as by use of a fiber washer 
between the plate and the mounting board or support, and 
by encapsulation. Breakage before assembly is more of a 
problem. For example, brittleness of substrates in wafer 
form necessitates special handling techniques and equip- 
ment. (15) A ceramic composed principally of 2Mg0-Si0, 
(forsterite) is somewhat superior to steatite in respect to 
brittleness and may be employed at only a slight increase 
in cost. 

Probably the newest of the silicate types of ceramic sub- 
strates is a product made from photosensitive glass. (16, 17) 


The production of printed circuits on this glass has been 
described (18) as follows: a negative of the pattern of the 
required holes is placed on the glass, the assembly is 
exposed to ultraviolet light, the glass is heated and the 
exposed area then becomes much more etchable than the 
unexposed area. The holes and the shape of the board are 
etched with hydrofluoric acid, the glass is heated at 800 C 
to produce crystallization and conversion to a ceramic, the 
entire board and the holes are then coated with nickel, 
a resist is silk-screened onto it in the reverse of the desired 
wiring pattern, copper is electroplated on the unprotected 
areas of nickel and through the holes, the plating resist is 
dissolved. and the nickel plate is chemically stripped. The 
advantages claimed (16, 17) for this product include: 
(1) “chemical” machinability, (2) operation at 400 to 
500 C, (3) possibility of repeated hand soldering of com- 
ponents to the same “circuit run” without failure, and (4) 
actual improvement of adhesion of circuit to board at high 
temperatures. The finished product is presumably subject 
to the brittleness limitations of ceramics. 

Recently, ceramic wafers only 0.3 0.3 X< 0.01 in. 
have been employed as substrates for microminiature as- 
semblies. (79) It is understood that they are made from 
alumina and that, in comparison with the silicate types 
of substrates discussed thus far, they have superior heat- 
transfer properties which make them even better suited 
for use in assemblies which are required to dissipate in- 
ternally generated heat and which will be subjected to 
elevated temperatures. 

The dielectric constant of all the substrates thus far 
mentioned is low (less that 10) and capacitors of high k 
are inserted in them or attached to them. In contrast, 
ceramic substrates with high k (titanates) may be employed 
to serve as the dielectric for the capacitor as well as the 
base for the circuit and the resistor. Thus, the wiring 
and resistors, together with the capacitor-substrate, make 
up the network. (20) In this type of construction, the 
high degree of coupling of components can sometimes 
present problems. On the other hand, where the circuitry 
is such that distributed components can be used to ad- 
vantage (as in certain audio circuits and_ oscillators), 
coupling effects can become an asset. In this case, a shift 
in the usual thinking of the electronic circuit design 
engineer is required. These high-k substrates are made from 
barium, calcium, strontium — titanates. 
titania. and miscellaneous stannates and zirconates. They 


magnesium, and 


have dielectric constants in the low thousands at room tem- 
perature. These materials have been fabricated in com- 
bination with low-k materials to produce composite sub- 
strates in which areas of alternating high and low capaci- 
tance adjoin one another. Capacitors are placed over the 
high-k areas and wiring and resistors over the low-k areas. 
This construction offers a means of minimizing some of the 
distributed capacitances in circuits where they cannot be 
used advantageously. 


Plastics. Copper-clad plastics substrates are commonly 
used as base plates for attachment of sub-miniature com- 
ponents, but neither clad nor un-clad plastics substrates 
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have been widely used in microminiaturization. In the first 
place, printed silver wiring is usually fired at a minimum 
temperature of 650 C, as will be described later on, and 
no plastics will withstand that temperature. In the second 
place, printed resistors are usually cured at 250 C (also 
to be described) and only a few plastics will withstand 
that temperature. There is the possibility of substituting for 
the fired silver wiring either a printed silver-filled epoxy 
resin, which can be cured at 100 C (12), or vacuum- 
deposited wiring. There is also the possibility of substitut- 
ing for printed resistors either vacuum-deposited metallic 
resistors or a laminate having a layer of electrical resistance 
material between the layer of highly conductive material 
and the base material. (27) According to information re- 
ceived from an industrial manufacturer of experimental 
quantities of such a product made from phenolic copper- 
clad laminate and a thin metallic resistance alloy, copper 
conductors were etched in the product with an etchant that 
did not affect the resistance metal. A coat of photo resist 
was then applied to the resistance area and the resistance 
pattern was etched with a “special” etchant. (22) The 
resistance was limited to about 10 ohms per square. 

If these developments progress to the production line, 
use of the plastics substrates, most of which have a dielectric 
constant of less than 10, might become feasible provided the 
ones employed are able to withstand the temperatures to 
which the assembly will be subjected, are dimensionally 
stable, and have other required electrical properties. (23) 
Presumably, phenolics of all types, whether filled with 
asbestos, glass or cellulose, will be ruled out because of 
their generally poor dimensional stability which creates 
difficulties in automatic placement of parts. If operating 
temperatures are below 150 C, epoxy-glass fabric laminates 
might be used. Likewise, copper-clad epoxy-acrylonitrile 
fiber and epoxy-polyester fiber laminates might be employed 
if it is desired to post-form the substrate to a particular 


shape after etching the copper surface. Diallyl phthalate- 
glass fiber laminates have electrical and thermal properties 
similar to those of epoxy-glass fabric laminates, are some- 
what superior in dimensional stability, and are suitable for 
similar applications. Within the same operating temperature 
limit, but where arc resistance is important, melamine- 
glass fabric or melamine-glass mat laminates might be em- 
ployed. At operating temperatures up to 200 C, and where 
a low dissipation factor is required, crosslinked styrene 
copolymer-glass fiber laminates would seem promising. 
(24) For operating temperatures up to nearly 260°C, either 
silicone-glass fabric or polytetrafluoroethylene-glass fabric 
laminates might be used. Copper-clad laminates of the 
former type, however, because of degeneration of bond 
strength, could not be used at temperatures over 150 C. 

In general, the advantages of plastics substrates over 
ceramic substrates would be their higher resistance to 
shock and vibration and their better machinability. Costs of 
the two types are in the same range. 


Semiconducting. A substrate made from a semiconducting 
material, when suitably alloyed and doped, could presum- 
ably perform the additional functions not only of transistors 
but also of such component parts as resistors and capacitors. 
Since such substrates offer the possibility of further signif- 
icant reductions in size, research at DOFL and elsewhere 
(25, 26) is being directed toward their development. 
Included are substrates of silicon and germanium. An ex- 
perimental computer module consisting of 10 transistor-like 
elements in a germanium strip 0.5 X 0.02 * 0.004 in. has 
been described. (26) At least one manufacturer (26a) now 
has digital solid circuits in pilot-lot production. These 
circuits, in which component parts are formed in a 
semiconducting substrate with a 1:1 correspondence be- 
tween each conventional part and semiconductor part per- 
forming the same function, are known as integrated solid 
circuits. 


Conductors 


Metals on Plastics Substrates. In the preceding section, 
it was stated that plastics substrates are not employed to 
any great extent in microminiaturization but that eventually 
they might be. Therefore, discussion of metal-foil-clad 
plastics laminates will be limited to the statements that 
the most common metal employed is copper foil, usually 
of the electrodeposited type but sometimes rolled, and that 
the adhesives for bonding the foil to the plastics are 
usually mixtures of vinyl resin, cellulose ester, epoxy resin, 
or butyl or neoprene rubber (except in the case of epoxy 
laminates, when no adhesive is used). 

The number of methods of forming conductors in copper- 
clad laminates is legion. (27) For example, a photo-resist 
process, a screen printing process, a xerographic process, an 
offset printing process, or a plating process can be employed 
prior to etching, which can be done with ferric chloride, 
ammonium persulfate, or chromic acid. Other methods not 
involving etching can also be used (stamping, embossing, 
die forming). Related methods, also not involving etching 
but employing unclad laminates, include plating, molding. 
pressing on of powdered metal, spraying on of molten 
metal, painting, and transfer plating. 


Metallic Inks on Ceramic Substrates. Conductors suitable 
for use in microminiature assemblies employing ceramic 
substrates are most commonly applied in the form of an 
ink which is fired in place. As mentioned previously, 
printed, silver-filled inks have been employed as conductors 
since the beginning of the printed-circuit art. The “fire-on” 
types of ink, rather than the “air-dry” types, are used on 
ceramic substrates. These inks consist of about 50 to 60 
per cent finely divided silver dispersed in an organic 
vehicle, such as butyl cellosolve, or xylol and turpentine, 


MAY 1960 


together with a fluxing agent such as powdered glass frit 
and a bonding and dispersing agent such as a gum. After 
application, they are dried at low temperature to drive 
off solvents and then fired in air at temperatures ranging 
from 650 to 820 C to burn out the organic material and 
fuse the flux to the substrate. (28) Copper-filled inks are 
not suitable for this purpose because, on firing, they 
oxidize to a high-resistance film. Inks containing the noble 
metals are sometimes employed if a particular application 
so warrants. 

The methods of applying silver inks to either plastics 
or ceramic substrates are limited only by the ingenuity of 
the user (2) but possibly the best known are those of 
brushing, stenciling, spraying, the ordinary printing and 
lithographic techniques, and pen methods. For application 
to microminiature ceramic substrates where fine definition 
is required, stenciling is the only method so far used to 
apply metallic inks. The techniques of stenciling using a 
screen-printing frame (29) are so well known that they 
will not ‘be described here. 

After the silver pattern has been applied and fired, it 
can be plated (30) if it is desired to decrease its resistance 
to conduction of higher currents than those carried by the 
unplated wiring. 

In preceding and following sections of this article, men- 
tion is made of the use of a silver-filled epoxy resin as a 
conductor. This compound might be considered to be one 
of the new printing inks, although its thin-paste consistency 
makes it difficult to apply by screen printing. Originally 
a similar material was formulated as a thick paste by 
the Stanford Research Institute and this material was 
then modified at DOFL to a thin paste containing 69 
per cent silver, 26.5 per cent epoxy resin (viscosity 100 to 
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160 poises), 3 per cent butyl glycidyl ether, and 1.5 per 
cent curing agent, (usually dimethylaminopropylamine). 
(12) The resin is cured by heating it to 100 C for 1 hr 
and has a volume resistivity of about 0.5 ohm-cm. Actually 
this formulation was developed primarily for conductive 
adhesive applications such as adhering wire leads to sur- 
faces. The method of its application as a conductor in mi- 
creminiature assemblies has been confined to hand painting. 
In mass production of conductive wiring on ceramic sub- 
strates, there would seem to be no advantage in using it. 
If plastics substrates are eventually used in microminiature 
assemblies, ways of further reducing the viscosity of the 
resin without inducing separation problems or increasing 
its resistance could be investigated. 


Vacuum-Deposited Metals. Metallic conductors may be 
deposited on ceramic substrates and, with suitable tem- 
perature precautions, on plastics substrates by vacuum 
processes of sputtering or evaporation. The substrate is 
covered with a suitable mask and the metal is deposited in 
the particular pattern desired. In the sputtering process, the 
metal to be volatilized is made the cathode and the object 
to be coated is placed near and parallel with the cathode. 
The chamber is grounded and serves as the anode. After 
evacuation, a high voltage is applied between the electrodes, 
and metal emitted from the cathode splatters on the work. 
In the evaporation process, the metal to be volatilized is 
heated on a filament or in a boat in vacuum to the 


temperature at which it evaporates and deposits on the 
target. This latter process offers the possibility of some- 
what more uniform films than does the former and is 
preferred for depositing conductors in microminiature as- 
semblies. Limitations on the process due to chemical reaction 
between the metal to be volatilized and the filament or 
boat at the high temperatures required for volatilization can 
be overcome by heating the metal directly by electron 
bombardment, thereby eliminating the need for a filament 
or boat. 

Virtually all high-conductivity metals can be very readily 
vacuum-evaporated. The evaporation temperatures of silver, 
copper, and gold range from 1000 to 1500 C. (31) How- 
ever, in films as thin as those obtained by vacuum de- 
position, migration of silver (32) and oxidation of copper 
may present some problems. Adherence of gold to a ceramic 
substrate may also be a problem. Aluminum, which is 
likewise easy to evaporate, has been used for depositing 
conductors on ceramic substrates at DOFL, as will be de- 
scribed subsequently (33), although it also oxidizes and 
the oxide is a good insulator. Chromium has been de- 
posited as an undercoating for conducting lines made of 
gold, nickel or copper. (34) Conductive metals requiring 
higher evaporation temperatures, such as platinum, (34) 
can also be deposited, but not as readily as the previously 
mentioned metals, unless electron-bombardment heating is 
used. 

Problems involving adhesion of materials to the substrate 
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Microminiature resistors. Left, screened carbon-composition ink 
on silver conductor pattern; left center, vacuum deposited 
nichrome resistors on gold-over-chromium conductors; right 
center, chemically deposited nickel-phosphorus alloy resistors 
on like (but thicker) conductors; right, solid-circuit resistors 
etched in diffused n-type skin on p-type germanium. 


Carbon-Composition Resistors. It was mentioned previously 
that printed resistors made from conductive carbon-con- 
taining inks were employed in 1945 in proximity-fuze con- 
struction. These inks were made from about 25 to 40 per 
cent of a mixture of carbon black and graphite (depending 
upon the required resistance), about 75 to 60 per cent of a 
resin binder (phenolic, silicone, vinylite, melamine, styrene, 
or methacrylate) and in some cases, small amounts of 
mineral fillers (mica, mineralite, and colloidal silica) and 
small amounts of thinners. The inks were applied by 
methods similar to those described previously for applying 
metallic inks to ceramic substrates and were usually cured 
at a temperature of about 150 C for 20 min. Then they 
were coated with a moisture- and abrasion-resistant material 
such as the mica-filled wax-impregnated phenolic resin 
mentioned previously or silicone, vinyl, or melamine lacquers. 
These caseless printed resistors and the caseless printed 
capacitors (which will be discussed in the next section) 
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contributed significantly to the advent of microminiaturiza- 
tion in demonstrating the feasibility of discarding individual 
protective coverings from components. 

The formulation (6) currently used at DOFL for print- 
ing resistors in microminiature assemblies differs from the 
older formulations principally in the substitution of epoxy 
resin for the previously mentioned resin binders. This 
resin requires a curing agent, and one which is latent at 
room temperature is usually employed in order to obtain 
an ink with adequate shelf life. For example, boron tri- 
fluoride piperidine complex (43) will crosslink an epoxy 
resin in a relatively short time at temperatures above 135 C, 
the dissociation temperature of the complex, yet it gives 
an ink which is still printable after 6 months’ storage at 
room temperature. In some cases, a combination of epoxy 
and urea-formaldehyde resins has been employed as the 
binder. The latter resin serves as the crosslinking agent 
for the epoxy resin and no additional curing agent is re- 
quired. However, curing temperatures of about 250 C for 
at least 30 min have been found to be necessary to produce 
stable resistors containing epoxy resin. 

Chemically, the carbon blacks employed in these inks are 
nearly pure elemental carbon with varying amounts of 
sorbed gases on the surfaces of the particles and ash con- 
tents usually below 1 per cent. Physically, they are es- 
sentially spherical particles which are quasi-graphitic in 
structure and of colloidal dimensions. (44) They are manu- 
factured by partial combustion or by thermal decomposition 
of gaseous or liquid hydrocarbons. Those prepared by the 
impingement of small natural gas flames on a relatively cool 
metal surface are known as channel blacks. Those produced 
by the partial combustion of gaseous or gaseous-and-liquid 
hydrocarbons in closed retorts or furnaces are called furnace 
combustion blacks, and those produced by thermal decom- 
position of certain hydrocarbons in preheated chambers are 
known as furnace thermal blacks. Variations in such prop- 
erties of carbon blacks as particle size, pH, and structure 
markedly affect the final electrical resistivity of resistors 
prepared from them. Graphite, both as a dry powder and 
as a colloidal suspension in an organic vehicle, is usually 
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can sometimes be alleviated by roughening the surface of 
the substrate, by heating the substrate during deposition, 
or by applying a protective covering to the vacuum-deposited 
conductor. The chief problems in making vacuum-de- 
posited conductors are probably less in the area of ma- 
terials than in that of techniques, especially masking meth- 
ods. In the production of microminiature assemblies, if 
such problems as the operation of multi-filament chambers 
and interchanging of masks within the chamber can be 
solved, vacuum-evaporation techniques offer one of the 
best possibilities of formation, not only of conductors but 
also of complete solid circuits. (35) In this connection, it 
has been proposed (36) that vacuum deposition techniques 
be used in combination with gaseous etching to produce 
finely defined microminiaturized components of all types on 
a given substrate. According to this proposal, the vacuum- 
deposited film (molybdenum, for example) on the sub- 
strate is simultaneously exposed to a low-pressure, de- 
composable gas (such as ethyl orthosilicate) and a local- 
ized electron beam. There is deposited on the surface of 
the film a stable protective film or resist (in this case, 
silicon dioxide) in the pattern defined by the electron beam. 
The substrate temperature is then raised and the areas 
not protected by the resist are etched away by a corrosive 
gas (chlorine), after which the resist is etched away by 
a second corrosive gas (fluorine). Very little work has been 
done along these lines. 


incorporated when low-valued resistors are required. (44) 
When fillers are employed in these ink formulations, their 
principal function is to separate the particles of conductive 
powder and thus increase the electrical resistance of the 
cured ink. At times they are also used to adjust the con- 
sistency of the ink (to render it thixotropic or simply of 
higher viscosity) in order to improve printability. When 
thinners or solvents are used, their functions are to dis- 
solve the resin binder and/or to adjust the viscosity of the 
ink to the proper printing consistency. The solvent chosen 
is often one with a low rate of evaporation and a high boiling 
point in order to minimize both solvent losses during 
milling together of the various constituents and bubble-and- 
crater formation during cure of the printed ink. (6) 

The ink constituents mentioned above can be varied to 
produce resistors which range in value from a few ohms 
to many megohms. 

As with conductors, the technique employed thus far to 
print resistors in microminiature assemblies is that of screen 
printing. (29) Usually, the resistors are deliberately screened 
to a lower value than desired, and then adjusted to the 
desired value by removing small amounts of material from 
the edge. (27) Other possible ways of producing resistors 
are: injection of a thixotropic ink into cavities of a mold 
which is in contact with a substrate bearing the circuit 
(6, 45) ; injection of the ink from a pen, the end of which 
rides on the plate and deposits a ribbon of ink on the 
substrate (46); spraying several coats of ink onto an 
asbestos tape which is then slit and placed face down on 
the substrate (47, 48); or pyrolytic cracking of hydrocar- 
bons and deposition of thin films of carbon and borocarbon 
(49) on the substrate. However, none of these composition 
resistors has the potential stability or geometrical definition 
of metal-film resistors. 

Metal-Film Resistors. Metal-film resistors are available 
on glass in diameters as small as 0.008 in. (50) and are 
also available on ceramics in tubular shapes, but those 
suitable for microminiature assemblies are visualized as 
comprising only the nearly two-dimensional flat type. 

The most common metals investigated for the preparation 
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Other Methods of Depositing Metals. Conductors in micro- 
miniature assemblies have also been applied by chemi- 
cally depositing copper on a plastics substrate through a 
mask of the desired pattern using industrially available 
copper-containing solutions. (37) Presumably, conductors 
made of copper, silver, gold and nickel (38) could be 
applied in similar fashion to ceramic substrates. Such films 
are usually less than 0.0005 in. thick and porous. (39) 
They require plating to reduce their resistance but, of 
course, plated thin-film conductors cannot be expected to 
have quite as low a resistance as their more dense, ex- 
truded-wire counterparts. Platings of gold (40) have been 
applied at DOFL, as will be described later, as well as 
platings of the more common metals, such as copper (41), 
and alloys such as solder. (41) 

In addition to chemical and electrolytic deposition of cen- 
ductors, there is also the possibility of mechanical deposi- 
tion, in which a metal is moved over a surface as hard 
or harder than itself, leaving thereon a trace which is then 
plated with another metal of higher conductivity. Titanium 
can be traced on glass and plated in this way. (42) 


Conductors for Integrated Solid Circuits. In integrated 
solid circuits, many conductors are almost eliminated by 
the close proximity of component parts in the semiconduct- 
ing substrate. Where necessary, conductive connections are 
made by eompression-bonded gold wires (42a) or by ex- 
tensions of the lead-out tabs bonded to the semiconductor. 


of metal-film resistors are those which lend themselves 
readily to vacuum evaporation and deposition techniques. 
Some of these metals have been applied to produce tubular 
rather than flat elements, but they could presumably be 
used to make the two-dimensional type as well. Among the 
pure metals which have been laid down as resistors by 
vacuum methods is chromium, with gold terminal bands, 
but these films had a relatively large temperature coefficient. 
(51) Chromium was also nitrided to give a low temperature 
coefficient and high stability for certain limited resistance 
ranges. (52) Other investigators protected nichrome resis- 
tors with a layer of magnesium fluoride while the chamber 
was still evacuated in order to prevent oxidation and cor- 
rosion. (2) Tantalum and titanium have been sputtered to 
produce high-resistance films. (53) 

Alloys which have been laid down as resistors by vacuum 
methods include chromium-titanium, which was then nitrided, 
(52) and nickel-chromium. (54) In the vacuum chamber, 
alloys are often heated by electron bombardment, rather 
than directly, in order to promote rapid evaporation and 
consequent deposition as the alloy rather than as discrete 
films of the two elements. 

Alloys of gold-platinum have also been laid down by 
spraying, painting and spinning. (55) Presumably chemical 
deposition could also be employed. 

Types of materials which are finding increasing favor 
for the preparation of metal-film resistors include certain 
metal-organic compounds which are laid down as an ink 
and thermally decomposed to leave only the metallic film. 
For example, a uniform film of gold and platinum has 
been deposited from a solution containing the sulforesin- 
ates of the two metals, (56) fired to produce a very thin 
metallic film and then adjusted in length by some method 
such as etching to produce the desired pattern and hence 
the desired resistance. 


Resistors for Integrated Solid Circuits. Also suitable for 
use in microminiature assemblies are resistors which might 
be formed in a semiconducting substrate. Resistors have 
been formed by: (1) etching the substrate down to the 
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necessary cross-sectional area and length to yield the re- 
quired resistance from the bulk resistivity of the semi- 
conductor: and (2) etching into a thin diffused layer on 


the semiconductor surface so as to torm a geometrical pat- 
tern such that the required resistance is obtained from the 
surface resistivity of the thin film. (26a, 42a) OOO 
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SE Rg lll Ul A al ARE 
THERMOELECTRIC HEAT PUMPS 


A two-in-one report on the technical capability of commercially available 


thermoelectric devices: basic elements for custom-designed heat pumps 


and packaged component coolers for building into electronic equipment. 


1—Thermoelectric Elements for 


WILLIAM V. HUCK 

Thermoelectric Products, Electrical Products Division 
MINNESOTA MINING AND MANUFACTURING COMPANY 
Saint Paul, Minnesota 


In 1948 A RESEARCH GROUP headed by Dr. S. Karrer at 
Baso Inc. found that highly efficient thermoelectric ma- 
terials could be produced by suitably doping the binary 
compound lead telluride. This material was used for the 
active element of a gas-furnace safety control, to convert 
heat from the pilot flame to electricity for operating the 
main valve solenoid. The work begun at Baso has been 
continued at Minnesota Mining and Manufacturing Com- 
pany, resulting in the development for sale of new thermo- 
electric materials and a number of devices. Among these 
are basic elements for heat-pump applications. 

This report will deal primarily with the technical per- 
formance of 3M elements at the present state of the art. 
The basic theory of thermoelectric effects is well covered 
in the references. 


Element Design 


A schematic representation of a single-element heat 
pump is shown in Fig. 1 with the absorbing electrode 
functioning as the cold junction. The presently accepted 
steady-state, heat-pump equation, also shown, applies to 
either the n leg or the p leg of the couple. Terms are 
arranged in order of importance. The Peltier coefficient, 
electrical resistivity and thermal conductivity are ma- 
terial constants, and the performance of the material is 
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roughly proportional to 2*/pk. These material param- 
eters are not independent of one another; also, they 
vary with temperature. 

For an element of a given material, the amount of 
heat that can be pumped is, additionally, a function of 
the temperature difference to be maintained, the element 


Heat — absorbing electrode 


Heat ~- dissipating electrode 


I I°p(L/A) kAT 
lo= 2 


"a oe 


Q= 


-—Thomson heat at cold 
junction, 


‘Joule heat loss at cold-junction con 


t 
| 
| 
| 
| 
| 
| 
| { tact; R. is impact resistance. 


Thermally conducted heat per element; AT is 
the temperature difference across element, & is 
thermal conductivity. 


Joule heat losses in the element; p is electrical resistivity, L/A 
is length-to-area ratio. 


| 
| 
| 
| 


| e Driving force; x is the Peltier coefficient per element. 

——Heat load, or net amount of heat absorbed by cold-junction electrode from environ- 
ment per element. 

Fig. 1—Schematic representation of a single-couple thermoelec- 

tric heat pump and steady-state equations describing its oper- 

ation. 
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geometry, and the current through the element—as can be 
inferred from the steady-state equation. 

Influence of Geometry. Neglecting cold-junction 
contact resistance, the only geometrical influence on heat- 
pump performance would be the length-to-area ratio. 
This implies that, for a given L/A, the smaller the ele- 
ment the more heat can be pumped per unit area for 
the same A7' and /. As cross-section area becomes 
smaller, however, R, increases and the choice of element 
diameter becomes arbitrary. Diameters from “se to % 
in. are being used by workers in the field; 3M has thus 
far standardized on “es and %z2 in. 

The determination of optimum L/A ratios is also a 
compromise. For a given heat load, the temperature 
difference varies parabolically with the current, rising to 
a maximum and then falling off as current is increased. 
Best performance (i.e., maximum AT for a given Q) 
would require an L/A ratio of less than 1 in.~', for which 
the optimum current would be several hundred amperes. 











Fig. 2 — Temperature difference developed vs pumping currents 
at various heat loads per couple with hot junction h held at 81 F. 
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Instead, L/A ratios of 4 to 8 in.’ are used to keep cur- 
rent requirements reasonable. 

Element Performance. The experimentally deter- 
mined relationships of temperature difference, heat load 
and current for a given element geometry are shown in 
Fig. 2. These curves were taken with the heat-dissipating 
(hot) junction fastened to a heat sink arbitrarily held 
at 81 F (300 K), which has become the accepted refer- 
ence temperature. Heat was introduced to the absorbing 
(cold) junction by a heater coil in a small copper 
cylinder. The cold-junction temperature developed 
(equal to 81 F — AT) is a function of both heat load 
and pumping current. The greater the heat load, the 
less the temperature difference than can be maintained. 

To facilitate heat-pump design, the data of Fig. 3 
at optimum current for maximum AJ (19 amp) are 
cross-plotted in Fig. 4 along with similar data for ele- 
ments of the same diameter and material but of different 


L/A ratio. 


Thermoelectric 
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Fig. 5 — Black-box representation of thermoelectric heat pump 
system showing heat-flow directions and C.O.P. definitions. 
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Fig. 4— Graphical solution of heat-pump problems. 
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Fig. 3— Temperature difference vs heat load for elements of 
different L/A ratios operating at optimum current for maximum 
AT. (Note: 1 watt = 3.42 Btu/hr = 0.239 cal/sec.) 
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The maximum no-load AT of 110 F shown in Fig. 3 is 
not the maximum obtainable with present materials. All 
curves could be moved upwards by increasing the ele- 
ment diameters (to reduce contact resistance) or by 
raising the hot-junction temperature (which enhances 
the material parameters). For example, raising the 
hot-junction temperature to 212 F can raise the maxi- 
mum no-load AT to 126 F (70 C). 

A performance limitation not apparent in Fig. 4 is 
the necessity of removing from the hot junction all the 
heat pumped from the cold junction plus all the /*R 
losses within the element. In practical heat pumps, where 
a number of elements may be closely packed, providing 
a heat sink of sufficient capacity can be a problem. 

Pump power supply can also pose difficulties as the 
elements are inherently low-voltage, high-current devices. 
Reasonably flat d-c is desirable; performance suffers if 
a-c ripple exceeds 20 per cent of peak value. 

Heat-pump designs are commonly evaluated in terms 
of a coefficient of performance, defined as in Fig. 5. For 
practical thermoelectric cooling systems, the C.O.P. will 
generally lie between 0.1 and 2 (depending primarily 
on the temperature difference), which is equal to or better 
than the C.O.P. for an absorption refrigeration system 
under similar conditions. 


Sample Heat-Pump Problems 


Problem 1. An electronic component with 25 watts 
internal load is to be operated at 60 F when the best 
heat sink in the vicinity is at 70 F. A 3l-amp power 
supply can be made available. 


Solution. One heat pump couple can not pump 25 
watts up a 10 F temperature gradient, but elements can 
be assembled in series electrically (thermally in parallel) 
so that each shares a portion of the heat load. Electrodes 
must be insulated from each other and from the heat 
sink. When 25 watts are transferred through a thin in- 
sulating film, the additional temperature drop may easily 
be 5 F, making a total AT of 15 F across the assembly. 

For a 3l-amp supply, elements with L/A ratio of 4 
in.-' are indicated, each of which requires 2.69 watts 
input to pump 1.72 watts up a 15 F temperature gradi- 
ent (Figs. 3, 4). To pump 25 watts, at least 15 couples 
are needed and the heat sink must be capable of absorb- 
ing 25 + 15(2.69), or roughly 65 watts. For a safety 
factor, half again or more couples should be used. 


Problem 2. A controlled temperature of 70 F must 
be maintained while ambient air varies from —20 to 
+120 F. Internal heat load is 10 watts and heat leakage 
at highest ambients is estimated to be 8 watts. Maximum 
current available is 19 amp. 


Solution. At highest ambient, a AT of 120 — 70 or 
50 F is required; to this can be added another 15 F to 
account for loss across the insulation films and poor 
heat transfer from dissipating fins to surrounding air. 
For a total AT of 65 F, and pumping current of 19 amp, 
one element with an L/A = 8 will pump 0.5 watt (Fig. 
4) and 36 couples will be required to pump the full load 
of 18 watts. Cooling fins must be capable of transferring 

8 + 36(2.02), or 91 watts to atmosphere. 

When ambient drops below 70 F, pump current can be 

reversed to pump heat into the controlled space. The pump 
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Fig. 6 — Spot cooler for adjusting internal mercury vapor pres- 
sure of fluorescent street lamps to maximize light output. 


This heat-sensing element for gas-furnace safety control 
systems, designed in 1948, represents the first large-scale 
application of semiconductor thermoelectric materials. 
Lead telluride generator element (arrow) is direct ances- 
tor of the heat-pump elements described in the accom- 
panying article. (Source: Baso Inc., Milwaukee.) 


This article represents further extension of 

principles discussed in the previously pub- 
lished Science & Engineering article: 

e@ Thermoelectric Effects—February 1960 
which includes an extensive bibliography and is 
available in reprint form—see page 340. 





can be thermostatically controlled to operate in an on/off- 
manner for both heating and cooling. 

In the above examples, some of the fine points of 
heat-pump design have been glossed over, but the pro- 
cedures outlined cover the essential considerations and 
the data used are representative of present capabilities. 


Present Heat-Pump Devices 


Although thermoelectric heat-pump devices ranging 
from bottle cooler/warmers to room air conditioners 
have been demonstrated, and small refrigerators and 
dehumidifiers may soon be on the market, for the time 
being applications will generally be limited to small 
devices such as the following two examples: 


e@ Figure 6 shows a thermoelectric spot-cooler for 
high-power outdoor fluorescent lamps that was developed 
in conjunction with the Line Material Industries. During 
much of the year these lamps run so hot that internal 
mercury-vapor pressure rises above optimum and light 
output falls off. Using a 14-in.* spot cooler on each lamp 
to condense some of the mercury and lower the internal 
vapor pressure, a 72 per cent light increase under stand- 
ard rating conditions was obtained with a _ standard 
LM 4-lamp street lighting luminaire. 


e@ Figure 7(a) shows a cylindrical cavity and 7(b) 
its operating characteristic for cooling passive elements 
such as crystals or active electrical loads up to 10 watts. 


Thermoelectric heat pumps may not prove to be a 
panacea for those with excess heat or temperature con- 
trol problems, but even at the present state of the art. 
this relatively simple approach can fill some of the gaps 
in present heat-transfer technology. DG 
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Fig. 7 — Cylindrical cavity cooler with capacity of 10 watts. 
Cavity measures 14 in. in diam and 3 in. long. Below, operat- 
ing characteristic. 
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2—Thermoelectric Coolers for Electronic Components 


J. TAYLOR and A. MULICIA 
Semiconductor Department 
WesTINGHOUSE ELectric CORPORATION 
Youngwood, Pennsylvania 


EFFECTIVE COOLING OF total electronic equipments by 
present techniques is complicated by the non-uniform 
distribution of heat generated by various components. 
Often the “hot spots” that develop in a few critical com- 
ponents effectively derate the total equipment. If the 
critical components were held to a “safe” temperature, 
the total equipment could often be allowed to operate 
in a higher ambient. An active cooling means must be 
employed, however, as conventional passive heat sinks 
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can not cool even themselves below ambient temperature 
without some form of refrigeration. 

Specifically for cooling critical electronic components, 
Westinghouse has developed a line of packaged thermo- 
electric cooling modules, each of which is an assembly 
of two or more thermoelectric heat-pump couples. Figure 
| shows one such module, the Type WX816, with mount- 
ing fixture specifically designed to accommodate semi- 
conductor devices; Figs. 2-4 illustrate the performance 
of this particular device. 


Typical Cooling Application 


It is required to keep the case temperature of a ger- 
manium power transistor from rising above 70 C, while 
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Fig. 2—Temperature difference developed across Type WX816 
cooling module vs input current for various heat loads, taken 
with cold surface of module insulated from ambient. 
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Fig. 1—Thermoelectric cooling module (Type WX816) for WS 7 
maintaining case temperature of power transistor (shown in | 
place) below ambient. Cooling modules can be mounted singly 

or in multiple arrays in a suitable enclosure. 
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2.0 watts Fig. 3 — Input voltage-current characteristic of WX816 module. 
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Fig. 4— Coefficient of performance vs input current for various 
heat loads, taken with cold surface insulated from ambient. 
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Possible mounting variations to ac- 
commodate other types of components. 


operating in a 90 C ambient, in order to utilize its full 
output rating and reliability with an internal heat loss of 
3 watts. 

To determine if a thermoelectric cooler will provide 
the required cooling, it is necessary to calculate the 
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temperature diflerence that must be developed between 


the cold and hot surfaces of the thermoelectric cooler, 


as follows: 


Al P,(6, 4 + 6.) + P.(6, + 65) | 


(7 Ty) P60 


6.) 


where 


T, ambient temperature, deg C 
case temperature of transistor, deg C 


(7 a LP 


and cold surfaces of thermoelectric cooler, deg C 


Al temperature difference between hot 

P, power dissipated by the transistor, watts 

af power dissipated by the thermoelectric cooler, watts 

a thermal resistance, transistor case to mounting fix- 
ture, deg C/ watt 


thermal resistance, hot surface of thermoelectri 
cooler to heat dissipator (heat sink), deg C/ watt 


4 thermal resistance. heat sink to ambient, deg C/ watt 


0.6, 
deg C/watt, the temperature 


Assuming the thermal resistances to be 9, 
4 0.2, and 6 0.3 


difference required across the cooler is: 


(90 0.3) + 0.3) 


23.3 4 


70) 
0.5P 


Al 3.0(0.6 +- 0.2 4 P,(0.2 + 

To determine P., the current through the cooler must 
be calculated. This can be done by a series of approxima- 
tions, but it is easier, for discussion, to assume an avail- 
able d-c current and work backwards. With, say, a 10- 
amp d-c current source (10 per cent ripple), the cor- 
responding input voltage to the cooler would be (from 


5.4 


kig. 3) 0.54 volt. so P. would be 
would be 23.3 + 0.5(5.4), or 26 C. 


In Fig. 2 the 10-amp current line intersects the 3-watt 
heat-load line at 29 C, which is 3 deg C more than re- 
quired. At this operating point the C.O.P. is 0.55 (Fig. 4). 

Oo0o”°0 


BiTe Thermoelectric Modules and Rods 


A temperature dif- 
ference of 75-80 C, 
downward from 27 
C, is claimed for 
the  single-couple 
thermoelectric 
cooling module 
shown, consisting 
of p-n semiconduc- 
tor compound 
couples in series 
with copper elec- 
trodes. This solid- 
state device is said 
to be approximately 60 per cent as efficient as a 
mechanical compressor for cooling purposes. Made 
from a new bismuth telluride alloy with figures of 
merit of 4.0-4.5 10° for the p-type and of 2.7- 
3.0 * 10° for the n-type, the module will produce 
a temperature difference of 105 C at 100 C. Modules 
or the crystal rods alone in lengths up to 18 in. 
for experimental work are supplied by Materials 
Electronic Products Corp., 990 Spruce St., Trenton, 
N. J. This is organization formed by five 
scientists formerly with RCA’s David Sarnoff Re- 
Laboratories. 


a new 


search 


Gas into Electricity 


Using thermopiles of semiconductor compounds, the 
thermoelectric will pro- 
duce 5 watts of electric power from the heat of com- 
gas. About 50 gal of gas (200 lb 
tank) will run the generator for a year at a cost of 
about $10. One of the first practical thermoelectric 
generators to reach the market, the unit is designed 
as an “ultra-reliable and unmanned source of power” 
for radio communications, sea and air navigational 
aids, and industrial and scientific instrumentation in 
remote areas where other sources of electricity are 
not available or (as in the case of batteries) have a 


generator pictured above 


bustion of propane 


short life span and must be replaced or recharged. 
Developed by General Instrument Corporation’s Ther- 
moelectric Division at Newark, N. J., the generator 
is expected to be priced at $500 or less in large-scale 
production quantities. At present, single “evaluation 
samples” are available at a price of approximately 
$5000. 
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Series 2505 
GUARDIA 


—@ Absolute reliability! Greater control capacity! In this complete, com- 
pact, hermetically sealed unit Guardian gives you amazingly reliable 
performance and extra switching capacity with its 6 pole, double throw 
contact combination plus 5 ampere contacts. You get all this high current 
and greater switching capacity in less than 1 2144” x 1 7/32” x 1 7/32" 
space. Weight: .23 lbs., maximum. Unit meets or exceeds specifications 
MIL-R-6106-C (Class B) including minimum current, and MIL-R-5757-C 
(Class A and B) also vibration of 20 G's to 2000 cycles. Contacts are staked, 
not welded. Guardian's exclusive ‘‘Fluxless Solder’’ sealing prevents internal 
contamination. Header pins may be rotated without damage to glass seal. 


SPECI PIECATI?*HG Wks 


Operating Voltage: 29 volts dc maximum Contact Bounce: 0.002 seconds maximum. 
Pick-Up Voltage: 18 volts dc maximum. Dielectric Strength: Sea level —1000 volts RMS, altitude — 350 volts RMS. 
Nominal Coil Voltage : 24-28 volts dc Rated Duty: continuous 
Coil Current: 200 MA maximum. Operating Temperature: - 70°C to +120 C 
Release Voltage: 0.5 volts. Operating Cycle: 50,000 minimum. 
Contact Combination: 6PDT Operating Time: 0.007 seconds maximum. 
Contact Rating: @ 28 volts de Release Time: 0.005 seconds maximum. 
115 volts—400 cycles Vibration Acceleration: 20 G's to 2000 CPS maximum 
resistive dc— 5 amp Weight: .23 Ibs. maximum, 
inductive dc— 2 amp Applicable Specification: MIL-R-6106-C (Class B-8) including min. current 
motor dc— 1.5 amp and MIL-R-5757-C (Class A and Class B). 


Outline Drawings and Qualification Test Reports Available Upon Request 


GUARDIAN 9 ELECTRIC 


MANUFACTURING COMPANY 
1552-F W. CARROLL AVENUE, CHICAGO 7, ILLINOIS 
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INCORPORATED 
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New Transistor Fabrication Techniques 


ALTHOUGH GENERALLY RECOGNIZED as a 
high-frequency, low-power device, the capa- 
bilities of the micro-alloy, diffused-base 
transistor (MADT) as a high-frequency, 
high-power device are not well known. The 
geometry of the MADT has many inherent 
advantages and, in high-power, high-fre- 
quency applications, offers characteristics 
better than those of any other transistor 
design. Over the past two years, Philco 
has conducted a major research and devel- 
opment effort to improve the high-power 
potential of the MADT. The effort has 
resulted in a new fabrication process: 
etching by transmitted light (ETL). 

The ETL technique makes use of a new 
approach to the problem of illumination 
during etching. High-intensity light is 
focused on one side of a wafer of semi- 
conductor material, and a jet of electro- 
chemical solution is directed at the 
opposite side (Fig. 1). Light diffuses 
through the material and makes _hole- 
electron pairs available at the surface 
being etched, thus greatly increasing the 
speed and accuracy of the etching process. 

In the standard precision etch process, 
the surface being etched is illuminated 
directly, rather than by light transmitted 
through the material. This technique is 
used to etch pits up to approximately 12 
mils in diam. The ETL technique makes 
possible extremely flat surfaces 120 mils 
in diam and larger. 

Thus, while precision-etehed transistors 
prior to 1960 have been limited to rated 
power dissipations no larger than 75 mw, 


Fig. 1— Schematic of illuminating tech- 
nique for large-area semiconductor etch- 
ing. 


Fig. 2— Cross-section of a micro-alloy, 
diffused-base power transistor. 


the ETL technique (and associated refine- 
ments) has made possible commercially 
available devices with dissipation ratings 
as high as 500 mw. These transistors 
(2N1204, 2N1494, 2N1495), at a clock 
rate of 10 mc, can switch currents as high 
as 400 ma. A MADT capable of dissipating 
15 watts and switching 1 amp at a clock 
rate of 5 me is currently being developed. 

In the ideal bipolar diffused-base geom- 
etry, emitter and collector electrodes are 
no larger than necessary for the desired 
current levels. The electrical basewidth 
(determined by the depth of the diffused 
layer) is extremely thin, permitting short 
carrier transit time and_ high-frequency 
response. In addition, the entire base region 
between emitter and collector electrodes is 
(ideally) very thin to provide optimum 
switching performance. A heat sink is 
located close to the collector-base interface, 
to remove heat quickly. 

The MADT geometry very closely ap- 
proaches this ideal geometry. It provides 
an extremely thin basewidth (both elec- 
trical and “mechanical”), and reduces 
parasitic resistance and capacitance to 
negligible levels. The collector electrode 
can be mounted directly on a heat sink 
(Fig. 2). Optimum high-frequency opera- 
tion and maximum heat dissipation are 
thus approached. However, until recently, 
limitations in the etching process prevented 
the full utilization of the high power 
capability of the device. It is important to 
note the manner in which illumination 
influences etching in the ETL process. 
The surface of a wafer of germanium is 
composed ef hydrated germanium atoms 
tightly bonded to germanium atoms deeper 
in the crystal by pairs of electrons. To 
remove germanium atoms at the surface, 
holes must be brought in to replace the 
bonding electrons, permitting the surface 
atoms to dissolve in the jetstream. Light 
(photons), impinging on a germanium atom 


(Continued on page 290) 
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At Victor’s Electric-Car Division... 


a0 


timing relays ‘‘Pay Off’’! 


The design engineers at Victor's Electric- 
Car Division sought a way of making their 
Dyna-Powered Maintenance Truck accel- 
erate automatically and smoothly through 
the three forward speeds. The answer: 
Two G-V Red/Line Thermal Relays, each 
providing a two-second delay between 
steps. This assures smooth, even accel- 
eration every time. A third Red/Line Relay 
shuts off the dynamic brake after a fixed 
time interval, conserving battery power. 
So, at Victor, G-V Red/Line Timing Relays 
are ‘‘paying off’’. 


More and more companies are finding the 
reliable performance of G-V Red/Line Timing 
Relays makes them best for their products. 
G-V Red/Line Relays will ‘‘pay off’’ in your 
product, too. Your customers appreciate the 
importance of high quality, reliable compo- 
nents. G-V Red/Line Timing Relays are spe- 
cially designed for industrial applications. 
They have the precision, reliability and long 
life needed to ‘‘pay off’’ in industrial use. 


Your G-V distributor has them in . 
stock now. Call him or write 
for Bulletin 131 today. 


G-V CONTROLS INC. 


Livingston, New Jersey 
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We talk a synchronous 
motor language 
at Bristol Motors! 


And that means your language. 
Whatever your needs—we can 
answer them quickly, economically, 
perfectly—with dependable 
synchronous timing motors from 
our standard lines—or 

with motors built to your exact 
specifications. Speed ranges 
from 1800 rpm to 1 rp month. 
Shaft length, voltage variations, 
shift and brake action and 

other special features can be 
engineered to your requirements. 
Ask for the Bristol Motors 
Representative in your area— 
write for new Catalog 160. 


Ps BRISTOL @ MOTORS 


Division of Vocafine 

Company of America, Inc. 

210 Coulter Street, 

Old Saybrook, Conn. 
Dept. EM-5 


} in 
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in the semiconductor wafer, creates hole- 
electron pairs. The electrons thus created 
move off to the external circuit. The holes 
drift to the surface being etched. Four 
such holes which 
bond the hydrated germanium atoms at 
the surface, and the atoms dissolve in the 


replace the electrons 


jetstream. 
Standard 
flat-bottomed etch pits as large as 12 mils 
diam. difficulty ex- 
perienced in attempting to etch larger pits. 


precision etching produces 


Considerable was 


| Convex pit bottoms were observed, result- 


| ing 


; very 


in an uneven basewidth, ranging 
from very thin at the edge of the pit to 
thick at the center. This condition 
from the fact that the wafer was 


arose 


| illuminated from the side of the jetstream. 


| 


Holes tend to recombine while travelling 
through the material; therefore, as the pit 
diameter was increased, it became increas- 
ingly difficult for holes created by the light 
to migrate to the surface being etched 
Since considerably more holes were avail- 
able at the edge of the pit than at the 
center, the etch rate varied the 
diameter, creating a convex bottom. 

The ETL technique emerged from the 
discovery that, if a germanium wafer is 
illuminated by light of sufficiently high in- 
tensity from the side of the blank opposite 
that being etched, light will penetrate 
throughout the material in the region 
where etching is taking place. This trans- 
mitted light even, massive 
concentration of holes. As a result, the pit 
etches at a uniform rate, and a very flat 
bottom is produced. Interferograms show 
that pits etched by the ETL technique 
having diameters greater than 100 mils are 
flat to within one-half wavelength of sodium 
light. 


C. G. THORNTON 
Director of Semiconductor 
Lansdale Division 

Puitco CORPORATION 
Lansdale, Pa, 
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The 24-page, completely anno- 
tated 1959 Editorial Index of 
ELECTRICAL MANUFACTURING is 
now To get your 
copy, simply circle number 


available. 


915 


on the Reader Inquiry Service 
post card at the end of the 
book. 
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New P-K° Socket Screws with stein Lok’ Inserts 


Notice the groove in the thread. It’s permanently filled 
with Polycap, a nylon type polymer that provides self- 
locking action over a wide temperature range. 


Simple? True! It’s an efficient, practical solution to 
1001 problems . . . wherever vibration is present—where 
adjustment is required—where re-use is a factor. 


In industrial and consumer products . . . in electronics, 
engines, hydraulics, valves, supersonic guided missiles— 
P-K Socket Screws with Long-Lok Inserts give you 
many advantages... 


PARKER-KALON 


i 
‘| 


“a 


minnie 
(GRR cRaRIT 


e Higher resistance to shock and vibration 
e Superior thread engagement and locking force 
e Higher percentage of reusability 
e Eliminates the need for lock washers, safety wires 

A _ COMPLETE LINE—You can get P-K socket head cap 
screws (1936 and new 1960 ‘‘Prelode’’ Series); set screws, 
including the revolutionary P-K W-Point*t; button heads, 
flat heads, shoulder screws and pipe plugs; all with or 
without the Long-Lok insert. And don’t forget P-K qual- 
ity-controlled dowel pins, hex keys and key kits! 

Ask your P-K distributor for samples and technical data, 
or write directly to Parker-Kalon for bulletin No. 862. 


*T.M. TU. S. Patent No. 2,907,245 


Stop in and see us at the Design Show 


BOOTH 635 


PARKER-KALON, a division of General American Transportation Corporation, Clifton, N. J. Offices and warehouses in Chicago and Los Angeles. 


MAY 1960 
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Edited by Arnotp E. RupAHL, Associate Editor 


4. STANIFORTH 

Radio & Electrical Engineering Division 
NaTIONAL Researcn Councit 

Ottawa, Canada 


Av riMes a linear actuator is required 
which will release in the event of 
failure, yet require relatively 
\ linear solenoid 


power! 
little power to hold. 
working against a return spring must 
provide force to overcome maximum 
spring tension as well as for doing 
useful work. As this requires consider- 
able holding power, the solenoid will 
tend to overheat if maintained in the 
“hold” position electrically. 

The problem is overcome to a large 
extent by using a rotary solenoid or a 
torque motor coupled to a linear a 
tuator through a toggle linkage. The 
advantages of a toggle linkage are well 
known where it is used on various 
fasteners such as trunk clasps and 
band clamps for securing covers, in 
which the linkage goes “past center” 
for self locking. 

In the rotary-to-linear coupling, Fig. 
1, the hold-in position is near, but not 
past, the center so that it will release 
when power is removed. In Figs 2(a) 
and 2(b) are shown diagrammatically 
two positions of the rotary relay. The 
motions and forces are easily calcu- 
lated from the geometry. For a 95-deg 
rotation of the shaft C, the linear mo- 
tion of the rod AD is 0.590 in. 

lf 7, torque at start of stroke in 
lb-in., then from Fig. l(a): 


T; cos @ 


vertical force V, 
CR, 


1.992 T; Ib 


() 


T, sin @ 
CB 


0.18 T; Ib 


and side thrust on rod H 


From Fig. l(b), if T2 
stroke in lb-in., 


torque at end of 


; : T, cot 
vertical force V2 aoe ap 7 06 T2 (2) 
CB 


7: 


horizontal force H, = = 
CB, 


2T 


When a Ledex* relay type BD5S-R- 


* GC. H. Leland, Inc., Dayton, Ohio. 
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Rotary-to-Linear Actuator 


95-24-X5 is used (95 deg rotation, 3.2 
ohms) on a 24-volt supply, the start 
torque is 1.86 lb-in. and the end torque 
is 1.9] lb-in. Then, V, 3.71 |b at 
start of stroke, and V, 14.1 Ib at 
end of stroke. 

If the vertical thrust is constant, or 
increases slightly to 4 lb, for example, 
J 4 and 7, 0.567 Ib-in. Thus 


the hold-in voltage can be reduced to 


about one quarter of the original value. 
In the device under discussion the 
input power at the start was P, 
24°/3.2 180 watts. At the end of 
the stroke the voltage was reduced to 
1.35 volts, and P, = 4.352/3.2 = 5.9 
watts. As the continuous power rating 
of this relay in free air is 19 watts, a 


(Continued on page 294) 


Fig. 2 — Linkage diagrams. 


Toggle linkage 


Return spring— 


neor actuator 


Fig. 1—Top, rotary relay and toggle 
linkage, partial stroke; bottom, rotary 
relay and toggle linkage, end of stroke. 


Snap ring on shoft to 
restrict end ploy 


Fig. 3 Rotary relay and coupling to linear actuator. 
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MOLDED 
mylar 
CAPACITOR 


Sangamo Type 33M molded mylar* capacitors 
combine the excellent electrical performance 
characteristics of mylar* dielectric material 
with a molded case of high moisture resistant 
thermosetting plastic. 


Temperature Range: “The Type 33M is de- 
signed to operate over the temperature range 
of —55°C. to +85°C. Satisfactory perform- 
ance at 125°C. can be obtained by derating the 
voltage to 50% of the 85°C. value.” 


Dissipation Factor: The dissipation factor 
of the Type 33M capacitor does not exceed 
1% at normal equipment operating tempera- 
ture over the complete audio frequency range. 
Tolerances: Available in capacitance toler- 
ance values of +5%, +10%, +20%,. 


*DuPont’s trademark for polyester film. 


computers » unstrumentation - test equipment 
| filter networks - transistor circuitry - amplifiers 


Life Test: These units will withstand a life 
test of 250 hours at 125% of rated voltage at 
85°C. Life tests at 125°C. should be made at 
125% of the derated voltage. 


Dielectric Absorption: Dielectric absorption 
of Type 33M capacitors is less than half that 
of oil impregnated paper capacitors. 


Moisture Resistance: Type 33M capacitors 
will successfully withstand the moisture re- 
sistance tests specified in Spec. MIL-C-91A. 


Insulation Resistance: The insulation resist- 
ance of these capacitors will exceed 5,000 
meg/mfd. over the normal operating temper- 
ature range. 


* Write for engineering bulletin TSC-206A 


SANGAMO ELECTRIC COMPANY 


SPRINGFIELD, ILLINOIS 


SC-59-6 
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“hold” power of 6 watts leaves an ade- 
quate factor of safety. 

Mechanical details are shown in the 
cross-sectional view of Fig. 3. In order 
to save space in the particular applica- 
tion for which the device was designed, 
no external bearings are used except 
the sliding bearing for the linear mo- 
tion of the rod, the linkage being 
mounted on the shaft of the Ledex 
relay. As this shaft normally has axial 


as well as rotational motion, a modi- 
fication was made to the relay. This 
modification of the Ledex relay consists 
of removing the shaft and boring the 
armature to fit an Oilitet bearing. 
The armature is then free to move 
axially, while the shaft is restricted to 
rotation only. The armature must be 
free to travel its full rotation of 95 
deg. An overtravel spring is used at 
the junction of the rod and the link- 
age, Fig. 3, when a solid stop is used 
on the linear motion. A spring is pro- 
vided in the rod support to return the 
mechanism to the start position when 
power is removed. To obtain a positive 
return, the force of the spring should 


¢ Chrysler Corporation, Detroit, Mich. 


Gas Density Switch Response Matches 
Pressure-Temperature Curve of Monitored Gases 


A NEW NON-LINEAR gas density switch 
produced by Newark Controls Co., 
Bloomfield, N. J., monitors the sum of 
the partial pressures in a system of 
gases and vapors. 

A reference density of gas and 
liquid vapor is sealed within the bellows 
of the device (Fig. 1), and the bellows 
exterior exposed to the gas and vapor 
to be monitored. The reference chosen 
has a pressure-temperature character- 
istic which matches that of the moni- 
tored gases and liquids; therefore, the 
switch will be operated at a pre-set 
increase (or decrease) in system pres- 
sure regardless of temperature. Figure 
2 shows the matching of pressure-tem- 
perature curves for the switch and a 
typical gas-vapor mixture being mon- 


+ —+— *. 


Fig. 1 —Gas density switch SN-98 meets 
environmental requirements of MIL-E- 
5272. Snap-action SPST switch contacts 
are rated at 28 volts d-c or 110 volts a-c, 
non-inductive. SPDT contacts are avail- 


able. 








Pressure-temperature curve 


Type SN-98 
gos density switch 
Gas: C 


Qu 


—— Gos ond vapor pressure 
--—=— Actuation of setting of 
switch to show leakage 


+ + + + 


abe | oe | 
-B0 -60 -40 -20 


368 Ib mols/cu ft 


and vapor: CyFi¢O fluor 


ical natal anithidialRcacainictiactasinnhen 1 
0 20 40 60 80 100 i120 140 


| A 
4 


160 180 200 


Temperature, deg F 


Fig. 2 — Pressure-temperature curves for SN-98 switch and system being monitored. 
In this case, the switch is actuated at any point within the range from 14 psia and 
—80 F, at one extreme of the curve, to 36 psia and +200 F. Accuracy of response is 


+ psia throughout the range. 
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increase with compression. This in- 
crease is possible because the relay 
torque results in a rapidly increasing 
vertical force as the end of travel is 
approached. 

A slight change in the dimensions of 
the mechanism would allow the linkage 
to go “over center” so that no power 
would be required to hold. In_ this 
case, a second small rotary relay would 
be coupled to the shaft of the main 
relay to pull the linkage back past 
center, where the return spring would 
take over and force the mechanism to 
the start position. 

The author wishes to thank Mr. A. 
E. Lindsay for helpful suggestions and 
for the models. ooo 


itored; in this case, snap-action con- 
tacts are actuated by the bellows 
motion when system pressure falls. The 
switches may be supplied for actuation 
on almost any characteristic pressure- 
temperature line. 

The density switches are installed 
in the gaseous vapor area of systems 
for the cooling or high-voltage insula- 
tion of electronic equipment. Signalling 
leakage, proper pressure, or excess 
pressure are all functions which may 
be accomplished by this switch, O O O 


The Ferreed— 
A Microsecond Memory 


Tue Ferreep is a fast electromechan- 
ical switch which combines the rapid 
switching of bistable magnetic ma- 
terial with metallic contacts for output 
indications that persist as long as de- 
sired without further power applica- 
tion. (A cobalt ferrite used as the 
magnetic material and a glass-sealed 
magnetic reed switch for the output 
contacts has given the device the name 
“Ferreed.” ) 

The magnetic material is switched 
by a magnetomotive force applied, 
typically, as a five-amp current pulse 
in a thirty-turn winding. Control pulses 
as short as five microsec will switch 
the magnetic material, resulting in the 
passage of magnetic flux through the 
movable members of the reed switch. 
Actual closure of the contacts is de- 
layed by inertia of the reeds for several 
hundred microsec. 

Release of the contacts is brought 
about by cancellation of the magnetic 
flux through the reeds as the result of 
another 5 microsec switching opera- 
tion. Opening of the contacts requires 
less time than the closing operation. 

Several new magnetic materials 

(Continued on page 299) 
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- vane-operated limit switch 


helps 


industry solve major 


electrical problem: limit switch life 


GENERAL ELECTRIC’S ENCAPSULATED DESIGN SEALS OUT 
CONTAMINANTS; HAS NO ARMS, LEVERS, OR SHAFTS 


General Electric’s new vane-operated 
limit switch design surmounts most of 
the operating problems that cause failure 
in today’s conventional limit switches. 
The unique new limit switch performs 
the position-detection function of con 
ventional switches and eliminates phys- 
ical contact with the moving object. 1 
has no shafts or arms to fail, no sliding 
or rotating parts to no shaft seals 
to leak. 

This means that the operating life 
of the vane-operated limit switch is not 
affected by such tough application re 
quirements as frequent operation; hain 
mering of lever arms and mechanisms; 
lever arm “snapback”; mechanical wear; 
and splashing and spraying of coolants, 
lubricants ther 


wear, 


ind contaminants 


REASONS FOR LONGER LIFE 


Contributing to the extremely long life 
of the new device is the encapsulation 
of; all internal components in a 
aluminum enclosure. This means liquids, 
dirt, or metal chips cannot enter the 
switch mechanism and cause operational! 
failure. 

In addition, the only moving parts in 
the new design are magnetic reed con 
tacts hermetically sealed in an inert 
gas. Thus, switch life is determined 
almost solely by contact load. When 
used with small a-c relays, such as the 
G-E CR2790 general purpose type, the 
expected operating life of the switch is 


cast 


from 30 to 50 million operations. It is 
capable of over 250 million operations 
when operating General Electric static 
control circuits. 

The inherently longer life of the new 
vane-operated limit switch results in 
savings from greatly reduced mainte- 
nance and replacement expense and less 
downtime. And the new switch costs 
about two-thirds less than proximity 
switches, making it only slightly higher 
in price than a conventional limit switch. 


HOW IT WORKS 


The vane-operated limit switch is en- 
ergized by passage of a separate steel 
vane through a recessed slot in the 
switch (see illustrations at right). The 
vane is attached to the mechanism to 
be controlled. As the vane _ passes 
through the slot, it changes the balance 
of the magnetic field, causing the con 
tacts to operate. The contacts are her 
metically sealed in an inert gas to pro 
long life. 

The new switch is install. 
Front- or top-operated forms are availa- 
ble to control linear or rotary travel. 
In addition, the base plate can be 
rotated 90° to provide mounting flexi- 
bility. Both normally open and _ nor- 
mally closed forms are available with 
or without an indicating light. The 
new limit switch is 25 percent smaller 
than previous models, and it requires 
no separate power supply or amplifier. 


easy to 
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Bios Magnet 
Seated Contacts 
(open) 


ae 


On normally open form, bias and main magnet 
flux are balanced at the switch, causing it to 
remain open. As vane enters the slot, flux of 
the main magnet is shunted to the lower re- 
luctance path offered by the magnetic material 
in the vane. 


-——--- 


| Sealed Contacts 








As vane passes the center of the switch, enough 
flux shunts from the main magnet to cause the 
flux of the bias magnet to close the switch. 
Withdrawing vane from the slot reverses the 
conditions and causes the switch to reopen. 


The switch can detect very high 
speeds of vane travel without detri- 
mental effects such as arm or mechanism 
wear or breakage. The switch also offers 
excellent accuracy and response time. 
Providing the path of the vane through 
the slot is constant, trip point repeat- 
ability is constant within plus or minus 
0.0025 inch. The switch response time 
is approximately one millisecond. 


MEASURABLE ADVANTAGES 


Vane-operated limit switches hold sig- 
nificant and measurable operating 
advantages over conventional limit 
switches. These advantages can be 
measured by the maintenance and re- 
placement savings they can produce, 
and deserve serious consideration on 
limit switch applications. 

For more information contact your 
G-E sales office or request bulletin 
GEA-6995 from General Electric Com- 
pany, Schenectady, N. Y. 811-8 


You get 


MEASURABLE ADVANTAGES 
with General Electric control. 
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You get MORE THAN A MOTOR with 
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MOTARS 


General Electric's FormG...for example... 


were 
la 
é 


The Right Motor... 


Delivered On Time 


A delivery schedule is a promise made —one to be kept. And we’re 
proud of Form G’s record on that score. A total of five 
highly automated manufacturing lines in three separate plants 

stand ready to make sure you get the exact fhp motors 
you ordered . . . and get them when you want them. 


DELIVERY PERFORMANCE is only one way you get 
MORE THAN A MOTOR when you choose General Electric 
motors. Other Form G “extras’’ are reviewed on the next page. 


ue 
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These unmatched extras make G.E.’s Form G 


MORE THAN A MOTOR 


YEARS-AHEAD DESIGN LEADERSHIP— 
General Electric’s year-in year-out 
leadership in fractional horsepower 
motor design and innovation helps 
meet your changing product de- 
mands; helps keep you ‘‘out front’’. 


QUALITY CONTROL ‘‘Individual- 
ized’? quality control assures con- 
sistently high quality. Every Form G 
motor is thoroughly tested at all 
stages of production for top perform- 
ance and long-life characteristics. 


Make sure you get MORE THAN A MOTOR.. 


| | 


Uy 


sees 


{ 


FAST, LOCAL SERVICE A nationwide 
network of Electric Motor Service 
Stations, kept up-to-date on latest 
motor techniques by twenty travel- 
ing motor specialists, assures fast, 
local motor repair or replacement. 


EASE OF ASSEMBLY Compact G-E 
Form G fractional horsepower 
motors can be mounted and hooked 
up in a matter of seconds; offer 
assembly-line savings in time and 
money; cost less to ship or handle. 


DESIGN VERSATILITY Form G_ fhp 
motors offer amazing versatility and 
design freedom for incorporation in- 
to your product. Whatever your 
product requirements, there’s a 
Form G fhp motor to meet them. 


EXPERT APPLICATION AID General 
Electric application engineers, ex- 
perts on the Form G fhp motor and 
the various ways of applying it, are 
always on hand to help you solve 
your unusual motor applications. 


. choose General Electric Form G fhp motors, available in NEMA 


48 and 56 frames. For more information contact your nearby General Electric Apparatus Sales Office or write 
General Electric Co., Section 702-109, Schenectady 5, N. Y. 
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The “Ferreed” switch developed by the 


Bell Telephone Laboratories, New York. 


have been synthesized for use in de- 
velopmental models of the Ferreed. 
Among these are ferrites exhibiting 
characteristics midway between per- 
manent magnets and computer memory 
materials, and ferrite suspensions in 
plastic “tailor-made” for specific mag- 
netic, electrical and mechanical prop- 
erties. 

The Ferreed’s magnetic structure re- 
sponds to a pair of pulses by closing 
the output contacts. They are opened 
by a subsequent single pulse. Besides 
coincident-pulse operation and rapid 
actuation, the magnetic structure per- 
mits the desired switching by current 
pulses of widely variable character. 
Ferreeds used in switching networks 
contribute to reliable operation from 


simple control circuits. OOO 


Polariscope Shows 
New Thread-Form 
Principle 


A STRIKING visual demonstration of the 


advantages of a new socket-screw 
thread form will be used in the Stand- 
ard Pressed Steel Co. exhibit at the 


1960 Design Engineering Show. The 


Fig. 1 — New socket-head cap screws in- 
corporate increased bearing area under 
the head, larger wrenching socket and the 
smooth-radius root configuration for the 
thread. 
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improved thread form, Fig. 1, boosts 
tension-screw fatigue life as much as 
100 per cent, it is said. The major 
change in the new thread form is its 
smoothly radiused root. This greatly 
reduces failure-producing stress con- 
centrations in the smallest cross-sec- 
tion of the thread of a tension screw, 
where an estimated 85 per cent of 
fatigue breaks occur. By contrast, the 
conventional thread root for socket- 
head cap screws and most other indus- 
trial fasteners has been a flat root—— 
a truncated V-shape with sharp, stress- 
building corners, Fig. 2 (top). OOO 


Fig. 2— Projected photoelastic stress pat- 
terns, made by passing polarized light 
through plastic models of screw threads. 
The light is broken into bands of light 
and dark, in which the degree of stress 
is indicated by the relative bunching of 
the lines about the points of discontinu- 
ity. Conventional screw thread, top, in the 
form of a truncated V, shows high stress 
concentration at the corners, as indicated 
by the many black and white stress lines 
tightly bunched together. The new thread 
form, bottom, has fewer, smoothly flow- 
ing stress lines. 


Pressure Transducer 
Design and Calibration 


ROBERT E. SOLLMANN Chief Engineer 
COLVIN LABORATORIES, Inc. 
East Orange, New Jersey 


ONE OF THE PROBLEMS encountered in 
the design and application of pressure 
transducers is the proper calibration 
of the instrument to account for the 
various errors which are inherent in 
such a device. Such errors may include 
variations due to location of the end 
points, linearity, repeatability, hystere- 
sis, temperature changes, friction, or 
resolution. 

Transducers of the type to be con- 


sidered here are those which convert 
a pressure input to an electrical signal 
output. The latter is obtained from a 
potentiometer whose wiper is displaced 
by the action of a diaphragm capsule. 
The output is usually a voltage and 
it may be proportional either directly 
to pressure or to some function of 
pressure such as air speed or altitude. 
A typical potentiometer pressure trans- 
ducer is shown diagrammatically in 
Fig. 1. A voltage is impressed on ter- 
minals 1 and 3 of the potentiometer 
and the output, proportional to the 
movement of the wiper, is taken from 
terminals 1 and 2. 

For a perfect device, with 100 volts 
impressed across the potentiometer and 
with a maximum pressure of 10 psi, the 
voltage output would be zero for zero 
pressure and 100 volts for 10 psi. Such 
values are not practicably attainable, 
however, as indicated by the end-point 
areas in Fig. 2. The lower end point 
may vary from 0 to a voltage ratio of 
0.05 and the upper end point may vary 
from 0.95 to 1.0. The linearity error 
is indicated by the “most favorable 
straight line” drawn between voltage 
ratios of 0.1 and 0.9. The error is the 
difference between the  voltage-ratio 
value on the straight line and that on 
the calibration curve for any input 
pressure. To illustrate repeatability 
error, all four readings for the recorded 
pressure values from which the calibra- 
tion curve was plotted are shown in 








Fig. 1 — Schematic of a typical pressure 
transducer with potentiometer output. 


End point 
: ‘ 


alibration curve 
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Repeatability 4 ~< 
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Fig. 2 — Calibration curve showing errors 


due to non-linearity, repeatability, and 
end points. 
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what's in it 
for you? 


hted Push-Button S 


New expanded line from a single convenient source. 
increased R&D and technical assistance. 


More localized distribution and service. 


Now, you may select from the industry's most versatile and complete 
line of precision snap-action switches, indicator lights, push-button 
switches, Switchlites, and environment-free limit switches. You can now 
make broader product groupings for greater quantity discounts. 

With this new single source, you will now deal with just 

one sales engineer for all your switch needs. 


Three plant locations—Folcroft, Pa., Chicago, Ill., and El Segundo, 
Calif.—will provide regional engineering and manufacturing 
facilities to speed delivery and service. 


You will benefit from the combination of military and commercial 
experience in our new, expanded R & D facilities. Many revolutionary 
new products are under development in such areas as human factors, 
sub-sub-miniaturization, image displays, and controls 

for special environments. 


Local sales offices with factory-trained personnel have been set up 
to provide on-the-spot application engineering. An expanded 
nation-wide distributor organization will assure you of 

immediate delivery from local sources. 


Now, how can we serve you today? 


‘ELECTROSNAP 


HETHERINGTON 


CQMSh 


DIVISION 


CONTROLS COMPANY OF AMERICA 
4218 W. Lake Street ¢ Chicago 24, Illinois 
Telephone: VAn Buren 6-3100 ° TWX No. CG-1400 


: 
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EE LTT 


Fig. 2 


maximum departure of any 


The repeatability error is the 
ingle read 
ing from the average of all readings 
Hysteresis, which is a characteristi 
of all resilient materials and hence of 
the diaphragm capsule which is the pres 
sure-responsive element, is illustrated 
in Fig. 3. The hysteresis error is of 
course a maximum at about the center 
of the pressure range. Errors due to 
temperature variation may be eflec- 
tively eliminated by the use of the 
resilient material in the dia- 
(heat-treated Ni-Span C, for 


proper 
phragm 
example), although shifts in the cali 
bration curve parallel to itself) may 


till take place. 


Error due to friction. 


If a transducer is used where at j- 
not subject to vibration, there may be 
an error due to friction, as shown in 
Fig. 4. The output increases along Jine 
1B until the friction is overcome, the 
latter being indicated by the straight 
portion BC. In airborne equipment. 
there is usually sufficient vibration to 
eliminate friction error. Resolution is 
the increment of pressure required to 
cause a change in output. For a wire 
wound potentiometer, the output 
changes in discrete steps depending on 
the fineness of the winding. If the reso- 
lution is small compared to linearity 
and other errors, it does not contribute 
to the overall error of the instrument 

If accuracy requirements warrant, 
correction can be made for linearity 
and temperature errors. The immediate- 
ly preceding history of the pressure 
variation will usually make possible a 
very close estimate of the hysteresis 
error. The repeatability error remains 
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an uncertainty. Currently available 
pressure transducers have tolerances 
within the following ranges: resolu- 
tion. O.1 to O.5 per 


0.5 to 


cent; linearity, 
1.5 per cent; repeatability, 
‘0.1 to +1 per cent; hysteresis, 0.3 
to | per cent; and temperature. + 0.5 
to +£1.5 per cent. Other errors may be 
caused by environmental conditions 
such as vibration, shock and accelera- 
tion. but with recent design advances, 
these can be made relatively small. 
Present trends in pressure’ trans- 
ducer design are in two quite opposite 
directions: miniaturization with some 
relaxation in tolerances; and applica- 
tion of servo power to supplement the 
force of the diaphragm capsule, per- 
mitting the use of low-resolution, multi- 
turn potentiometers, with resulting in- 
creases in size and weight. An “all- 
purpose” instrument appears to be un- 
likely since. for each application, the 
between size and 


optimum — relation 


performance must be sought. 


Contact Reed Relay 


LONG CONTACT LIFE is achieved in a new 
relay by sealing the contacts in a glass 
enclosure filled with inert gas (Fig. 1) 
Developed by C. P. Clare and Co.. the 
relay contacts have a life expectancy 
of 20,000,000 operations at 15 amp. 28 
volts d-e and over 100.000.000 opera 
' The con 


tact reeds are made of nickel-iron alloy 


tions at 'y amp. 28 volts d-c. 
and are gold plated at the contact sur- 
faces. The shafts are cantilever-mounted 
in either end of the glass capsule and 
positioned within precise tolerances. 
The contacts are actuated by a coil 
placed around the glass capsule. Units 
may be mounted on a card for printed- 
Wiring applications as shown in Fig. 2. 
or a number of contacts may be oper- 
ated by one coil when the glass capsules 
are arranged in a configuration such as 


Switching Tube 
Improved with 
Internal Magnets 


\s a result of a major change in design, 


the size of the decimal electronic switch 
made by the Burroughs Corporation 
las been materially reduced and the 
efficiency of operation has been im- 
proved. The new Beam-X switch, right, 
uses small rod magnets within the tube 
vacuum to control the position of the 
electron beam to any one of ten out- 
put positions (shown diagrammatically 

(Continued on page 304) 


Asd« 


Fig. 1 “Clareed” sealed contacts are 
contained in capsule 314 in. long overall 
and 0.215 in. in diam. 


Ten contacts operated by five 
coils mounted on printed-wiring board. 


3 — Six contacts clustered for mount- 
in a single tubular container with a 
single operating coil. 


g 
£. 
g 


shown in Fig. 3. To operate one swit h 
per coil, a coil wattage of 0.25 watt is 
required; to operate 20 switches with 
one coil, 3.5 watts are necessary. The 
reed contacts are normally open, but a 
small permanent magnet bias may be 
added to the assembly to make them 
normally closed. Maximum contact rat- 
ings are 1] amp and 250 volts with the 
combination not to exceed 15 volt-amp. 
non-inductive. Contact resistance is 25 
to 40 milliohms. Operate times are 0.8 
millisee for closure and 0.25 millisee for 
O00 


release. 





MSGILL’ 


O800 SERIES 
20 AMP. — 


ROCKER 
SWITCHES 


ELECTRICAL RATING: 
20 amp. 125 volt AC 1, hp 
10 amp. 250 volt AC 2 hp 
Already standard on well known 
washers and dryers. 


NEW McGILL Rocker Switches meet the appearance, operational, dimensional and cost re- 
quirements of a wide range of appliance and electrically powered equipment applications. 
Hundreds of variations with respect to actuator colors, mounting brackets, circuitry and ter- 
minals are available to solve your specific problem. Heavy duty construction and higher ratings 
insure long life. Contacts of silver cadmium oxide on special copper, silver plated terminals and 
connecting parts, housings of impact resisting phenolic. These new 0800 series switches re- 
flect the quality built into McGILL-switches and electrical specialties for over fifty years. 


MSGILL 


SWITCHES GUARANTEE EXTRA PRODUCT DEPENDABILITY 


All McGILL switches are built of selected materials to an exacting set of produc- 
tion quality conirol standards. They can make the differences you want and need 
in your product’s dependability. 

Shown here are just a few ‘performance proved’”” McGILL switches used by well 
known appliance, machinery and electronic equipment manufacturers.* If you 
have a special switch requirement, McGILL Electrical Division Engineering will 
be glad to help. Write for literature. 


TOGGLE SWITCHES 


Impect resistant, dust-proof and vibration proof 
housing peorecys the performance of the famous 
po chlag mechanism. Available in 6 amp. to 15 
mp. SP and DP models with added DC and HP 
cosine Single, 2 circuit and 3 way; choice of ter- 

minals on most models. 


1901 SERIES MOMENTARY CONTACT 
SWITCHES 


Simplified switching action utilizes two precision 
wound stainless steel springs. Contact ouncing 
is eliminated. Standard with variety of circuitry in 
both 15 and 30 amp. models, with 2 amp. 
rating. Contacts inlaid with silver cadmium oxide. 
Six types of actuators. 


“~ 


engineered electrical produets 


MGILL _ 


precision needle roller bearings 


*Names and applications available upon request. ¢ y 3 


AC Lam 


No, [-100-L 
goaled area Ti 
posal am Jour te uses. 


less steel. 15 emp, 125-250 V, 1 H.LP., aT 


ae 


No, 1601 open blade sna 
to 10 amps, 125 V AC, § 
or SP NO. Suited to tape 
dish washers, electric can 0} 
similar applications. %” x 


* Ov . 


te 


McGILL MANUFACTURING COMPANY, INC., ELECTRICAL DIV., 700 N. CAMPBELL ST., VALPARAISO, INDIANA 
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The new 20 watt DIEHL’ 
instrument Servomotor 
a study in practical design 


A carefully constructed winding—set in a round, die cast alu- 
minum housing and totally encapsulated with a protective epoxy 
resin ... a low inertia ingot-iron rotor . . . and two sets of pre- 
lubricated ball bearings ... a simple anatomy. Yet these few simple 
parts combine to make the new 20 watt DIEHL Instrument 
Servomotor the most practical servomotor ever designed for com- 
mercial applications . . . because all costly construction features 
and environmental precautions which are unwarranted in a com- 
mercial application have been eliminated. But full performance 
and all essential environmental precautions have been retained 
... including moisture, salt, and fungus proofing, good resistance 
to shock, safe operation in ambients of —55 to +55°C, and these 
other outstanding performance characteristics: 


SPECIFICATIONS AT STALL 


Cat. No. FPE49L-116-1 
Output 20 Watts 
Voltage (per phase) 115 Volts 
Frequency 60 Cycles 
Torque 25 oz. in. 
Input power (per phase) 54 watts 
Control phase impedance 174 ohms 
No Load Speed 3500 R.P.M. 2 
Inertia (Wk2) .725 oz. in.2 complete line of 
Theor. acceleration 13,300 rad/sec.® instrument servo- 
Weight 2.75 Ibs. motors. Available 
Motor Transfer Function 3.2 in sizes 11 and 15, 


S (.028S + 1 power ratings from 
5.75 cyc./sec 1 to 20 watts. 


Write for more in- 
formation on our 


Frequency response 


SINGCER™ 
DIEHL MANUFACTURING COMPANY 
A SUBSIDIARY OF THE SINGER MANUFACTURING COMPANY 
Somerville, New Jersey 


1A Trademark of THE DIEHL MANUFACTURING COMPANY *A Trademark of THE SINGER MANUFACTURING COMPANY 
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above). In previous models of the 
same type of tube the magnets and 
necessary shielding elements were 
mounted externally. The new tube is 
10 times lighter (it weighs 11% 0z) and 
5 times smaller (volume is 3 cu in.) 
than its predecessor. In a typical appli- 
cation, the new Beam-X eliminates 90 
standard components (transistors, di- 
odes, resistors) to achieve a_ten-po- 
sition binary logic function. It has 
useful constant-current outputs, posi- 
tive switching elements, and memory 
in each of its ten positions. It may re- 
main stationary indefinitely or switch at 
speeds exceeding 10 megacycles either 
sequentially or at random. OOO 


Flame-Sensing Device 


For USE IN gas, oil, or combination gas- 
oil industrial burners as a safeguard de- 
vice, the Minneapolis-Honeywell “Ultra- 
Vision”® detects only the ultraviolet 
rays given off by a burning flame and 
not the heat or glow given off by hot 
refractory material or carbon. Heart of 
the unit is a special tube that is sensi- 
tive to a narrow band of ultraviolet 
radiation (0.20 to 0.26 microns). The 
gas-filled tube has a glass jacket, the 
inside of which is coated to form a 
cathode. A center element acts as an 
anode. The gaseous atmosphere is non- 
conductive until it is exposed to ultra- 
violet radiant energy. A d-c current then 
flows from cathode to anode. Ordinarily, 
once conduction has started in a tube 
of this type, it will continue until the 
source of radiation is removed. The 
Ultra-Vision tube, however, is quenched, 
or extinguished, periodically. When it 
is re-energized, if the tube conducts, 
the flame or source of radiation is still 
present. The output of the unit is thus 
a pulsing d-c signal which can be 
amplified and used in controlling cir- 
cuits, 
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GENERAL 
PURPOSE 
RELAY 


(SERIES 130-140) 
THE MOST USEFUL RELAY FOR 
INDUSTRIAL APPLICATION 


These Relays are conservatively rated and are designed to 
provide reliable, trouble-free service over long periods of time 
when used within the limits of their rated capacity. The space 
requirements have been reduced as much as practicable, consistent 
with good electrical practice. Approved by the Underwriters’ 
Laboratories 

Typical applications include: motor control circuits; as a starter 
for fractional hp motors; operation of signalling devices; as a 
relay in circuits controlled by thermostats, pressure switches, float 
switches, photoelectric devices, etc. 


Relay will pass 20 million mechanical operations. 


NO OTHER RELAY !S SO VERSATILE 


Special design details have been incorporated in this relay with 
the aim of making it readily adaptable to a variety of applications 
for both the equipment manufacturer and the industrial user. Small 
size and compactness, long life, choice of mounting base, choice of 
coil voltages (AC or DC), and choice of terminal connections combine 
to make the relay truly versatile 


CONTACTS: High capacity; generous safety factor 
handle 20 amps, 115 
approved for 15 amps, 116 volt 60 cycle 


volt 60 cycle 


CONTACT ARMS: Rigid arms backed by compression springs 


provide self-cleaning contact wipe 


CONTACT SUPPORTS: Moulded Bakelite supports provide high 
dielectric protection for both movable and stationary contacts 


. TERMINALS: Large binding-head screws accommodate 
wire or lugs 


will 
5 volt 60 cycle AC or 24 volt DC. UL 
| 10 amps, 230 


AUXILIARY CONTACTS 


(SERIES 131-141) 
Auxiliary contacts (SPDT) rated 5 amps at 110 volts can 


be furnished with relay or easily attached later if required 
(see No. 7 below). 


(SERIES 130) 


6 +s] 
HINGE PIN: Stainless steel ground to close tolerance assures 
contact alignment and long life. 


COILS: Interchangeable; replaced by removing one screw in 
base: continuous duty 


AUXILIARY CONTACTS: (See illustration above) 


MOUNTING BASE: Metal strap shown is standard. Mounting 
options shown on reverse side available at no extra charge 


FINISH: Cadmium Cronak 


SIGNALS 


LONG BRANCH, N. J. 


Circle 271 on Inquiry Card 


MAY 1960 





But RBM “Customer-izes” This Quality Basic Relay 


The RBM 98000 Series AC or DC Relay is capably 
performing such a variety of tasks you might think 
you were seeing double. Truth is, there are so many 
different contact forms, ratings and terminal varia- 
tions... all regular production items at RBM... 
that the 98000 Series has been “‘customer-ized”’ to 
fulfill almost every conceivable requirement. RBM’s 
vast background of application engineering frequently 
can serve you with design shortcuts like this... and 
at low cost when delivered in volume. 


BUT THAT IS ONLY PART OF WHAT RBM 
CAN DO to save your time, your nerves... and 
your company money. RBM has the development 
engineering staff and the manufacturing facilities to 
assist on any control problem. No matter if it is a 
present problem, or one in the development stage. 
When the application can best be served by an ex- 
isting RBM control, we will find the right one. If a 
special control or complete system is necessary, RBM 
will engineer and develop it. 


OTHER ESSEX ENGINEERED CONTROL COMPONENTS 


Wire and Cable 


A complete line of appliance 
wiring material, radio, tele- 
vision and electronic hook-up 
wire, 200° C high temperature 
Sil-X wire, automotive wires 
and cables, and flexible cords 


Essex Industrial 
Wire Products, 
Wire and Cable Div. 
Essex Wire Corp. 
Marion, indiana 


by 


Coiled Cords, Cord Sets 


Plastic and rubber power sup- 
ply cords. Terminations of all 
types (molded plastic and 
rubber). Complete line of 
Coiled Cords in HPN, Type SP 
and Types SV, SJ; covering 
full appliance range. 


CORDS, LTD. 


Wire and Cable Div. 
Essex Wire Corp. 
DeKalb, lilinois 2 


industrial Plastics 


Flexible and rigid vinyl ex- 
truded shapes and foam cus- 
tom designed and volame 
manufactured to meet your 
exact needs. Now producing 
for a variety of industrial ap- 
plications. 


Carolina Indust: ial 
Plastics Div. 
Essex Wire Corp. 


Mount Airy, North Carolina 
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These component production 
vere a variety of tasks. 


for Low-Cost Solutions of Many Control Problems! 


| These are exclusive high quality design features of the RBM 98000: 
Many are listed by U/L File No. E12139 or No. E22381. 


For engineering help on the most efficient 
and low cost solution of any control problem, 
consult your local RBM Application 
Engineer or send specifications direct. 


1 Varieties of coil terminals available; solder, quick connect or 
leadwires. 

2 Simplified magnet frame and armature assembly provides ef- 
ficient, positive action. 


| 
l ! 
! | 
| | 
| 3 Variety of mountings available. | 

t a if . 
RBM-ESSEX SALES OFFICES 4 Pressfit contact pile-up eliminates drift; assures contact : 
Atlanta, Ga. Fort Worth, Texas Milwaukee, Wis. Rochester, N.Y. | | 
Birmingham, Ala. Hartford, Conn. Minneapolis, Minn, St. Louis, Mo, | | 
Chicago, III. Hillsdale, Mich. Newark, NJ, San Francisco, Cal. | 
Cleveland, Ohio Kansas City, Mo. Omaha, Neb. Seattle, Wash. | | 

Dallas, Texas Louisville, Ky. Orlando, Fla. Springfield, Il. | 

Dayton, Ohio Los Angeles, Cal. Phoenix, Ariz. Tulsa, Okla. | ! 
Fort Wayne, ind. | Memphis, Tenn. Pittsburgh, Pa. Windsor, Ont., Can. | | 


stability. 


& Varieties of contact terminals available; solder, quick connect 
or leadwires. 


6 Dependable cross-bar contacts available for low voltage and/or 
low current circuits. Also power contacts available to 15 amps. 
on same relay. 


Also available is the RBM 97000 Series Relay, providing 
additional coil power or greater sensitivity. 


Ss case casts ee nice lied cme dan ingly bie henna doen enenie agioeatnaaapatbinaaeaaiaaibiamieied 


For further specifications write for Bulletin 1060. 


RBM Controls Division 


Essex Wire Corporation, Logansport, indiana 
Factories located at North Manchester and Logansport, Indiana 
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ASSOCIATION Activities 


Domestic Appliance Technical 
Papers Announced 


The following papers will be presented 
at the Eleventh Annual Domestic Ap- 
pliance Technical Conference to be 
held in Mansfield. Ohio. May 16-17. 
“Mechanical Problems of Electrical 
’ L. W. Flen- 


“The Impor- 


Contacts and Connections,’ 
ner, Therm-O-Dise, Ine: 

Electrical 
Appliances and a Practical 


tance of Connections — in 
Automatic 
Test for Determining Connector Relia- 
bility.” K. M. Hammell, AMP, Ine.: 
Motors lo Major 
Burdett. Westing 


“Preliminary 


sa Applic ation ol 

Appliances.” J.C. 
house Electric Corp.: 
Investigation of Ultrasonic Washing of 
Fabrics.” L. A. Johnson, Westinghouse 
Electric Corp.: 
pliance Design.” G. Thayer. Dow Chem 
ical Co.; “Flow Molding of Vinyl Plasti- 
sols.” C. H. MeFarland, Scott & Fetzer 
Co.: “A Hard Coating 
Aluminum.” J. J. Snegoski, Toro Co.: 
“Centrifugal Pumps for Appliances,” 
V. K. Steidley, Gorman-Rupp Co.; “The 
Control \ 


“Thermoplastics in Ap 


Proc ess for 


Proportional Timerless 


Industrial Electronics 
Symposium Papers Requested 


Prospective authors are requested to 


submit papers relating to the main 
theme of the Annual Industrial Elec- 
tronics Symposium, industrial applica- 
tions of electronics, and stressing appli- 
cation and use of new products and 
ideas. The symposium, jointly sponsored 


by AIEE and IRE. will be held in 
Cleveland on September 21-22. 

Send titles and abstracts. by July 1. 
to G. E 


Committee, Industrial Electronics Sym- 


Hindley, Paper Procurement 


posium, Reliance Electric & Engineering 
Co., 24701 Euclid Ave., Cleveland 17, 
Ohio. 


Papers Invited for NEREM 


The 1960 Northeast Electronics Re- 
search and Engineering Meeting, to 
be held in Boston. Mass.. November 15- 
17, will be concerned with subject areas 
such as circuit theory; components, 
production techniques and _ reliability: 
feedback control 


theory and techniques involv- 


electronic computers: 
systems: 
ing ferrites, masers, parametric ampli- 
fiers and ionized media; semiconductor 
devices and circuits: and military elec 
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Dryer Control System.” N. 
Therm-O- Disc. 
trol Systems.” J. 
Inc.: “Magnetic Door Closures for Re- 
frigerators and Food Freezers.” R. L. 
Bootes and J. B. 
Electric Co 
“Combining Microwave and Infrared 


Fuqua, 
Inc.: “Refrigerator Con 


Liebermann. Ranco. 


Horvay. General 


Cooking in a Single-Oven Cavity.” S. C. 
Johnson, Westinghouse Electric Corp.: 
“A Plug-Out Surface Cooking Unit for 
Klectric Range.” G. FE. Price. Westing- 
house: “An Automatic Surface Unit 
Control for Electric Ranges.” C. J. 
Holtkamp, Westinghouse; “Standard- 
izing Small Appliance Motors,” E. D. 
Howell, International General Electric 
Co.: “Immersible Coffee Maker.” D. B. 
Price. Westinghouse ; 
Quality Control Testing of Thermo- 
stats.” W. C. Stevens, Jr.. Stevens Mfg. 
Co.: “Engineering Audit of 
Quality.” G. W. 
Electric Co.; “Positive Quality Control,” 
C. Wood, R.C.A. Whirlpool: “Service 

Its Scope and Limitations.” H. L. 


Gross, Sears, Roebuck & Co. 


“Calibration and 


Design 


Schroeder. General 


tronics, including infrared and data 
handling systems. 
Speakers are 


either 


furnish 
100-500 


require d to 
complete papers ol 


word abstracts, in triplicate, plus 50- 
word summaries, not later than July 15 
to J. H. Mulligan, Jr.. Dept. of Elec- 


trical Engineering. New York Univer 


sitv. New York 53 


Environmental Terminology 
Project Planned 


An American Standards Association 
general conference on the development 
of a common language for the field of 
environmental testing was held in 
February. The conference, attended by 
representatives from 18 private and 
government organizations. recommended 
that an American Standard project on 
Environmental Terminology be initiated. 
The Institute of Environmental Scei- 
ences has been invited to sponsor the 


project. 


National Engineering 
Society Formed 


Ihe Society of Aerospace Material and 
Process Engineers was formed in a 
meeting 


national steering committee 


held in Davton, Ohio, in March. The 
society approved a formal set of na 
tional by-laws. a sample charter for 
individual chapters. and articles of 
incorporation. The first meeting of the 
national directors will be held this fall 
to elect officers and to start the business 


operations of the national society. 


NEMA Division Organized 


[he Industrial Electronics and Com- 
munications Equipment Division — of 
NEMA has been formed. Component 
Sections of the division are: telephone 
equipment, signalling apparatus, X-ray, 
power rectifier equipment, power semi- 
conductor component, dry battery and 
electrical indicating instrument. The 
new division will be headed by G. L. 
Nord. vice president, Schauer Manu- 


facturing Corp. 


Engineering Seminars 
Scheduled 

Among a series of engineering seminars 
scheduled — for this 
Pennsylvania State University are: 
Contacts, June 5-10: 


summer by the 


e Electrical 
devoted to theory and practice in elec- 
with emphasis on in- 
strument and control contacts. 

@ Machinability. June 5-10: covering 


fundamentals, new developments, meth- 


trical contacts, 


ods, techniques and practical applica 
tions of research. 

e Design Engineering, June 12-17: 
imaginative 


intended to — stimulate 


and creative thought in design engi 


neering and develop methods and 
procedures in synthesis applicable to 
design projects. 

Further information is available from 
the Continuing Education Conference 
Center. Pennsylvania State University. 


University Park, Pa. 


Production Techniques Papers 
Solicited 


Papers for the two sessions of the 
Annual Conference of the IRE Pro- 
fessional Group on Production Tech- 
niques, to be held in Boston, Mass.. 
November 15-16 
under the headings of “Design Tech- 


are to be grouped 


niques That Insure a Better Product.” 
and “Materials and the Product Today.” 

Prospective authors should submit 
before June 1, 
to C. W. Watt, Program Chairinan, 
Annual PGPT, Raytheon Co., Waltham 


54, Mass 


summaries in triplicate 
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= B: ‘W FASTENERS THAT SOLVE 
SPECIAL PROBLEMS 


115th year “hay 


TENSILOCK® SCREWS AND NUTS PIGMENTED DELRIN® LOCK NUTS SPIN-LOCK SCREWS 


“Tensilock,” the high 
tension locking fastener, 
bites with hardened 
ratchet teeth . . . holds 
tight. High residual ten- 
sion, tooth grip, and 
spring action of flexible 
flange make required 
loosening torque as 
much as 40% more than 
tightening torque. ©TM 


RBaW open-end acorn 
nuts of pigmented Del- 
rin feature excellent 
strength, rigidity, dimen- 
sional stability, low cost. 
reusability, corrosion re- 
sistance. Constant pre- 
vailing torque. Metallic 
gray and other colors. 
Two sizes: No. 10 devel- 
ops 500-600 Ibs. clamp- 
ing force; 14-inch devel- 
ops 600-700 Ibs. 


These RBaW screws offer 
in flat head and filister 
head design a locking 
action similar to that 
of RB&aW’s Tensilock® 
screws. They have 
ratchet-like teeth that 
bite into the bearing sur- 
face when tightened and 
resist loosening from vi- 
bration or temperature 
cycling. Reusable. Wide 
range of sizes. 


® Dupont Trade Mark 


POWDERED METAL PARTS 


A variety of small parts 
is presently being pro- 
duced by RBaW from 
powdered brass and 
stainless steel. Facilities 
can handle a wide variety 
of other small shapes, in- 
cluding nuts, gears, bush- 
ings, spacers, levers, 
cams, etc. Such sintered 
parts offer substantial 
production savings. Con- 
tact us with your re- 
quirements. 


Staked on opposite sides for positive 
grip and spring tension locking effect. , 
Available in regular double chamfered be supplied. 
style or acorn style (illustrated), in 

aluminum, steel, silicon bronze. 


STAKED LOCK NUTS 


WELDING 
FASTENERS 


RBaW standard welding 
screws have welding pro- 
jections on top or bot- 
tom of head. Sizes from 
No. 6 through 1% inch. 
Welding Nuts can also 


Cold heading creates quality parts the low cost way 


Mera FORCED to cold flow into shape results not only 
in savings but also in stronger parts. With uncut flow 
lines, the piece is better able to withstand stress 


concentrations. 


No value analysis of product components is really 
complete without exploring what cold heading machines 


can do. Some examples: 


ELIMINATE EXTRA OPERATIONS. Leveling screw (A), for- 
merly made by riveting flat disc to set screw, now emerges 
as a stronger, single piece from a cold header. 


ONE PIECE BETTER THAN TWO. Cold headed hose clamp 
screw (B) has integral flange which, after head is slotted, 
is forced up to form screwdriver shield. Before, piece was 
in two parts ... with screw made on screw machine, and 
the shield a stamping fitted around head in extra assembly 
operation. 


FASTER THAN FORGING. Shifter lever (C) is bent into 
double “L” automatically in bolt header ... replacing 
2-stage forging operation. The header does it at high speed 
from continuous rod. 


METAL FLOWS TO SHAPE—NO WASTE. No longer cut on 
screw machine, insert screw (D) for plastic parts cost 40% 
less. Cold header uses just the amount of metal required. 
The threading and knurling, too, are done automatically 
at high speed. 


RUSSELL, BURDSALL 2 WARD BOLT AND NUT COMPANY 


Plants at: Port Chester, N.Y.; Coraopolis, Pa.; Rock Falls. Ill.; 
Los Angeles, Calif. Additional sales offices at: Ardmore (Phila.) Pa.; 
Pittsburgh; Detroit; Chicago; Dallas; San Francisco. 


RB&W fasteners—Strong Point of any assembly 
See our catalog in Sweets Product Design File -~- 
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Users of Adlake mercury 


relays report over 5,000,000 
operations without failure. 


depend on 


dlake 


SEND FOR RELAY CATALOG 


Ca LT TS aR Meee RN aS 
The Adams & Westlake Company 
Dept. K-8205, Elkhart, Indiana 


name__ 


company 


address sumemEpereesee 


city, state_ 


Visit our exhibit, Booth #1038 at 
the 1960 Design Engineering Show. 
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CALENDAR of Meetings 


May 2-3—American Standards As- 
sociation, Company Member Confer- 
ence, Sheraton Hotel, Philadelphia. 


May 2-4 — National Aeronautical 
Electronics Conference (sponsored 
by IRE), Biltmore and Miami Ho- 
tels, Dayton, Ohio. 


May 2-5 — International Scientific 
Radio Union-IRE Spring Meeting, 
Sheraton Hotel, Washington, D.C. 


May 3-5—FEighth National Con- 
ference on Electromagnetic Relays 
(sponsored by NEMA), Student 
Union Bldg., Oklahoma State Uni- 
versity, Stillwater. 


May 3-5—Western Joint Computer 
Conference (sponsored by AITEF, 
ACM and IRE), Jack Tar Hotel, 


San Francisco. 


May 9-11 — National Symposium, 
IRE Professional Group on Micro- 
wave Theory & Techniques, Hotel 
del Coronado, San Diego, Calif. 


May 9-12—Second Instrument So- 
ciety of America Instrument-Auto- 
mation Conferences and Exhibits of 
1960, Brooks Hall and Civic Audi- 
torium, San Francisco. 


May 9-13 — Second Southwestern 
Metal Exposition & Congress, Shera- 
ton-Dallas Hotel, Dallas, Tex. 


May 10-12—Flectronic Components 
Symposium (sponsored by AIEE, 
EIA, IRE and WEMA), Hotel 
Washington, Washington, D.C. 


May 11-14 — Spring Meeting of 
Fluid Controls Institute, The Green- 
briar, White Sulphur Springs, W. Va. 


May 16-17 — Annual Appliance 
Conference (sponsored by ASME), 
Mansfield-Leland Hotel, Mansfield, 
Ohio. 


May 23-25—IRE Seventh Regional 
Technical Conference and Trade 
Show, Olympic Hotel, Seattle, Wash. 


May 23-25 — National Teleme- 
tering Conference, Hotel Miramar, 
Santa Monica, Calif. 


May 23-26—Design Engineering 
Conference and Show (sponsored 
by ASME Machine Design Div.), 
Coliseum, New York City. 


June 1-2 — Institute on Recent 
Advances in Solid-State Devices 
(sponsored by Department of Elec- 
trical Engineering), Marquette 
University, Milwaukee. 


June 1-3—Sixth Annual Instrument 
Society of America Instrumental 
Methods of Analysis Symposium, 
Montreal, Canada. 


June 6-10—Machinability Seminar 
(sponsored by Pennsylvania State 
University) , Conference Center, Uni- 
versity Park, Pa. 


June 12-17 — Design Engineering 
Seminar, Pennsylvania State Uni- 
versity, University Park, Pa. 


June 13-14 — Radio Frequency 
Interference Symposium, Shoreham 
Hotel, Washington, D.C. 


June 20-22 — Applied Mechanics 
Conference (sponsored by ASME), 
Pennsylvania State University, Uni- 
versity Park, Pa, 


June 20-24—AIEE Summer Gen- 
eral Meeting, Chalfont-Haddon Hall 
Hotel, Atlantic City, N.J. 


June 22-24—Electronic Standards 
and Measurement Conference (spon- 
sored by AIEE, IRE, NBS), NBS 
Boulder Laboratories, Boulder, Colo. 


June 23-24—Tutorial Program on 
Solid-State Electronics (sponsored 
by ASEE and IRE), Purdue Uni- 
versity, West Lafayette, Ind. 


June 25-July 9—First Congress, 
International Federation of Auto- 
matic Control, Moscow, U.S.S.R. 


June 26-July 1—American Society 
for Testing Materials Annual Meet- 
ing, Chalfont-Haddon Hall Hotel, 
Atlantic City, N.J. 


June 27-29 — National Convention 
on Military Electronics (sponsored 
by IRE), Sheraton Park Hotel, 
Washington, D.C. 


Aug. 9-12 — Pacific General Meet- 
ing of AIEE, El Cortez Hotel, San 
Diego, Calif. 


Aug. 23-26 — Western Electronics 
Show and Convention, Ambassador 
Hotel, Memorial Sports Arena, Los 
Angeles. 
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Within the next decade, Al Be 


: MOVING 
in value the total U.S. 
building investment since FORECAST 


new construction will equal 


1925! This means as FO R 


1970 


many new ventilating, 
heating and air con- 
ditioning units as the air 
moving industry has 
produced in 35 years 
—and as many prob- 
lems. There is no better 
time than now to point 

out that Torrington’s capa- 
bilities in the technology 
of moving air—and in 

the production of air moving 
components—are rated 


as the finest in the world. 


, THE TORRINGTON MANUFACTURING COMPANY 


AIR MOVING DIVISIONS | Torrington, Connecticut; Van Nuys, California; Rochester, Indiana; Oakville, Ontario 
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~ has the horses ! 


800 to 1 hp favorites 
for quiet operation, 
low maintenance and 


long-life service . 


From the case of th 

OPYRIGHT 1960, A. 0. SMITH CORP, A. O. Smith Motor Man — 
eeeseses ; a complete stable of integral 
that include single-phas 

models (1-5 hp) or polyphas 


(1-800 hp). Also a team o 

fractional-hp motors. All are sure 

owe bets to give top performance 
At ¢ ROO ee 


e 


a 


Ss 
e 
e 


f 


over the long, long haul. 


e . 2 
nadie: tin aaa And there’s an A. O. Smith Moto 


A. 0. SMITH INTERNATIONAL, S.A Man near you — chomping a 


, 
t 


Milwaukee 1, Wisconsin, U.S.A the bit to give you 24-hour action 
,eee on all parts and service orders. 
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TRU-OHM 
POWER 
RHEOSTATS 


designed to meet and 
exceed MIL-R-22 
specifications 


Tru-Ohm Rheostats hove deeper cores with more heot 

dissipating area, permitting the use of o larger diam- 

eter of wire. This provides a safety factor with a longer 

life and minimum possibility of burn-outs. © There are many 

other features in the complete line of TRU-OHM RHEOSTATS 

which moke them a ‘‘must'’ for your next rheostot order . . . 

no backlash in shoft, precise winding, insulated shaft, high tem- 
perature enamel ond rugged construction, U.L. approved . . . rheo- 
stats you can buy with confidence. * Available in sizes 25, 50, 75, 100 
ond 150 watts . . . with oll variations in shofts, tolerances ond off posi- 
tions. Bock of panel mounting dimensions are standard in the industry. 


WRITE FOR 
LITERATURE 
TODAY! 
Division of Model Eng. & Mfg., Inc. 


bu PRODUCTS | tractor. 


HUNTINGTON, 
BAAES.OFPPLC ES: INDIANA 


N. MILWAUKEE AVE. CHICAGO 18, ILL. 
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MEN in Industry 


Kenneth A. Merz has been appointed 
engineering manager of the Air Impeller 
Division of Torrington Manufacturing 
Co., Torrington, Conn. Mr. Merz will 
supervise design and development of 
Impeller products, the company’s air 
and sound laboratory testing services, 
and application engineering. 


William Bournias has been named 
chief engineer of Buhr Machine Tool 
Co., Ann Arbor, Mich. Mr. Bournias 
has been with Buhr since 1956. Previ- 
ously he served as project engineer 
on special multiple-operation machine 


tools. 


The Star Porcelain Co., Trenton, 
N.J., manufacturer of industrial ce- 
ramics, has appointed Fred Poles man- 
ager of research and development. Mr. 
Poles has had 23 years’ experience in 
low-tension electrical porcelain, heat- 
shock refractories, steatite, and special 
low-loss ceramics for electronics. 


Hunter Spring Co., a division of 
American Machine & Metals, Inc., 
Lansdale, Pa., has announced the ap- 
pointment of David R. Falvey as testing 
machine engineer. He has been associ- 
ated with Allison Co., the Budd Co., 
and Remington Rand Univac, where 
he handled a variety of mechanical de- 


sign and development projects. 


Dimitri G. Soussloff has been appointed 
to the newly-created position of manager 
of American Machine & Foundry Com- 
pany’s Mechanical Development Labor- 
atory, Springdale, Conn. Mr. Soussloff 
has been issued and has pending a 
number of patents in the U.S. and other 
countries covering processes and ma- 
chinery for the plastics and chemical 
industries. 


P. S. Christaldi has joined G-V Con- 
trols Inc. of Livingston, N.J., as man- 
ager of engineering. Dr. Christaldi has 
been, since 1956, product manager, 
nuclear systems, for Curtiss-Wright 
Corp. Prior to that he was associated 
for eighteen years with Allen B. Du- 
Mont Laboratories, Inc. 


Alfred G. Evans has been appointed 
chief engineer, research and develop- 
ment, and Paul C, Cornish, chief engi- 
neer, product development, of the 
Weston Instruments Division of Day- 
strom, Inc., Newark, N.J. Mr. Evans 
joined Weston in 1954 and has held 
various supervisory posts in the engi- 
neering divisions. Mr. Cornish joined 
Weston in 1923. Prior to the new ap- 
pointment, he was product engineering 
manager, 
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reasons why you should 
buy Hughes high voltage silicon cartridge rectifiers 


To meet your requirements for IN1780-34, IN2382-85, IN596-98 and IN1406-13 


rectifiers... Hughes offers you a universal series with the following advantages 


over competitive devices: 


Better High Altitude 

Performance— 
Since the case is 
insulated and provides a 
long leakage path between 
leads, the probability of 
flashover or corona at high 
altitudes is reduced 


MAY 1960 


| 


*) 
, Improved Circuit 


Performance— 
Fewer diodes are required 
in each unit to obtain the 
PIV ratings...thereby 
lowering losses, which in 
turn, provide better 
voltage regulation and 
higher efficiencies. 


| 
| 


6 


| ’ Savings In Space. 


The case material is 
a plastic of high dielectric 
strength, making it 


Greater Depend- 

ability —These 
assemblies utilize series 
strings of Hughes 


in close proximity to 


each other. 


Se) 


Ls aL de 


possible to mount units 


hermetically sealed glass 
diodes... packaged ina 
non-combustible 
cartridge. All internal 
connections are welded 
together to insure shock 
and vibration resistance. 


Creating a new world with E.ECTRONICS 
rene aa 


| HUGHES | 


©1960 HUGHES AIRCRAFT COMPANY 


SEMICONDUCTOR DIVISION 


Circle 278 on Inquiry Card 


These standard Hughes units are 
available in voltage ratings from 600 
to 10,000 volts. In addition, Hughes 


| offers you many custom assemblies 
| designed to meet your special 
| requirements. 


| ORDER TODAY! To 


obtain delivery of Hughes 
Cartridge Rectifiers just 
call or write the Hughes 
Semiconductor Sales 
Office or Distributor 
nearest you. Or, fora 
complete Cartridge 
Rectifier data sheet 
(Number: D.S. 82) please 
write Hughes, 
Semiconductor Division, 
Marketing Department, 
Newport Beach, 
California. 


For export write: Hughes 
International, Culver City, Calif. 





New Series of Sprague Cylindrical-Style Radio Interference Filters: top row, l. to r.—4JX14, 51X94, 
414X115, 20]X15, 50JX20 bottom row—S5JX27, 11X54, 11X113, 13X117, 25X49, 1JX118, 


New Series of Small, Light 
Radio Interference Filters 


The new cylindrical-style radio 
interference filters recently an- 
nounced by Sprague Electric 
Company are the smallest and 
lightest filters of their type avail- 
able for military and industrial 
electronic and electrical equip- 
ment. Their basic design was 
pioneered by Sprague in order 
to achieve maximum miniaturi- 
zation. 

This new series of standard 
filters, believed to be the most 
complete in the industry, ranges 
in current rating from 5 milli- 
amperes to 50 amperes covering 
the majority of applications. 

The natural shape of the 
rolled capacitor section and of 
the toroidal inductors dictates 
the cylindrical form. All filters 
have threaded-neck mountings 
for use on panels or bulkheads. 
This assures both the proper 
isolation between input and out- 
put terminals as well as a firm 
peripheral mounting with mini- 
mum impedance to ground. 

Listed in Sprague Engineer- 

ing Bulletin 8100A (available 
upon request to the Technical 
Literature Department) are 68 
of the more popular low-pass 
filter designs intended for use 
as three-terminal networks con- 
nected in series with the cir- 
Cuits to be filtered. The excel- 


lent interference attenuation 
characteristics reflect the use of 
Thrupass® capacitor sections. 

Since maximum effectiveness 
of filtering involves elimination 
of mutual coupling between in- 
put or noise source and output 
terminals, filters should be 
mounted where the leads being 
filtered pass through a shielded 
chassis or bulkhead. The 
threaded neck mounting is de- 
signed to give a firm metallic 
contact with the mounting sur- 
face over a closed path encir- 
cling the filtered line and to 
eliminate unwanted contact re- 
sistance so that the theoretical 
effectiveness of these units is 
realized in practice. 

Typical insertion loss is de- 
termined by measurements 
made in conformance with Mil- 
itary Standard MIL-STD-220. 
Minimum curves for specific fil- 
ters are available upon request. 

For assistance in solving un- 
usual interference, rating, or 
space problems, contact Inter- 
ference Control Field Service 
Manager, Sprague Electric Co., 
at 12870 Panama Street, Los 
Angeles 66, California; 224 Leo 
Street, Dayton 4, Ohio; or 307 
Marshall Street, North Adams, 
Massachusetts. 
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COMPANY Briefs 


G. H. Leland, Inc., has become Ledex, 
Inc., Dayton, Ohio. “Ledex” has been 
the firm’s registered trademark for over 
twelve years. 


CTS Corp. is the new name of the Chi- 
cago Telephone Supply Corp., Elkhart, 
Ind., electronic component manufac- 
turer. Since the firm moved to Elkhart 
in 1902 and has not manufactured tele- 
phone equipment since 1940, the name 
change will eliminate confusion among 
customers and suppliers. 


Silicones Div., Union Carbide Corp., has 
announced that the process develop- 
ment building at its plant in Long 
Reach, W. Va., has been completed. 
The building contains equipment for 
both batch and continuous polymer pro- 
duction processes, high-pressure experi- 
mentation, reactions and distillation of 
the range of products encountered in 
processing chlorosilanes. 


Acquisition of the assets of Shockley 
Transistor Corp., Palo Alto, Calif., sub- 
sidiary of Beckman Instruments, Inc., 
by Clevite Corp., Cleveland, Ohio, has 
been accomplished. The Shockley unit, 
which has been engaged mainly in re- 
search, will become part of Clevite’s 
Transistor Product Division, which has 
headquarters in Waltham, Mass. Clevite 
plans a building program to provide 
new production facilities in the Palo 
Alto area for its new acquisition. 


Waltham Precision Instrument Co., Mass., 
has disclosed the acquisition of Electro- 
Mec Laboratory, Inc., located in Long 
Island City, N. Y., which custom-designs 
and manufactures a variety of precision 
potentiometers. 


The acquisition of Alpha Wire Corpora- 
tion by Loral Electronics Corp., both of 
New York City, has been announced. 
Initial plans call for the continued ex- 
pansion of Alpha’s manufacturing cap- 
abilities, both in New York and Los 
Angeles. Loral is a supplier of airborne 
electronic systems for defense applica- 
tions. 


Purchase of Rea Magnet Wire Co., 
Inc., by Aluminum Co. of America has 
been announced. Alcoa stated that no 
major changes in personnel or operating 
procedures are anticipated. Rea special- 
izes in the manufacture of smaller sizes 
of copper magnet wire. 


It has been announced by ACF Indus- 
tries, Inc. that Avion Division-Alexandria, 
Avion Division-Paramus, and Erco-River- 
dale plants will become one division to 
be known as ACF Electronics Division of 
ACF Industries, Inc. The Alexandria 
plant has moved to its new expanded 
location in Bladensburg, Md. 
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15 YEARS OF 
HEADING 
EXPERIENCE... 


Ua PABA 
CADMIUM OXIDE 
ata: 


THOMSON 
“710” 


CONTACTS 


Thomson 710 Silver-Cadmium Oxide Heavy 
Duty Electrical Contacts, cold-headed directly 
from sintered wire, cost no more than 
oxidized contacts because of Thomson's 
special equipment and techniques. Yet, they 
give you the benefits of: 


1. Uniform Dispersion of Cadmium Oxide 
the silver matrix. 


Mati 
TTY 

on: AN N v 

Ma ae Cae batches. 


Ey ; 


3. Uniform Duetility which provides reproduci ble 
staking and double heading. ea 


Complete Dota end Test Samples oro oviliehts/aaisenedd 


€ 


z 


iM 


Ak 


Electrical Contacts Division 


JUDSON I. TINOWISOL[N] mec. co., warruam s4, mass. 


Since 1885 
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electrical 
enclosures 


custom fabricated 
by Kirk & Blum 


e Control Desks and 
Consoles 


e Instrument 
Panels 


e Boiler, 
Turbine, 
Generator Panels 


e Power Distribution, 
Control Panels 


e Switch Gear 
Housings 


e Cubicles 


e Weather proof 
Housings 


e Transformer Tanks 
e Test Stands 


For industry, power plants and 
utilities, Kirk & Blum can produce any 
type of metal enclosure . . . quickly 
and economically. 

Send your prints for prompt 


quotation. 


KIR 


SPP eR ERT eRe ESOT Ee 


15)() “Sere : 


SESH ERR e RECT e SEH Eee 


THE KIRK & BLUM MANUFACTURING CO. 3122 FORRER STREET, CINCINNATI 9, OHIO 


316 


Circle 281 on Inquiry Card 





BOOK Reviews 


Control Engineering. Gordon J. 
Murphy. D. Van Nostrand Company. 
Inc.. Princeton (1959). 385) pages, 


$7.50. 


The author, Associate Professor of 
Electrical Engineering and Industrial 
Engineering at Northwestern Univers- 
ity, has succeeded in his attempt to 
write about automatic feedback control 
in a way “in which both the elementary 
and the advanced topics are treated 
carefully and in some detail at a mathe- 
matical level that will challenge 
without necessarily interfering with 
efforts to learn.” 

From an introductory chapter. in 
which different kinds of control systems, 
performance characteristics, and meth- 
ods of analysis are discussed, the author 
goes to the Laplace transformations 
which are subsequently employed to 
determine the response of linear, time- 
invariant systems to arbitrary inputs. 
The transfer-function concept. stability 
criteria, and error coefficients are intro- 
duced. 

Having familiarized the reader with 
the types of components used in syn- 
thesizing complex control systems, the 
author discusses the interconnection of 
these and other components to obtain 
a desired response. Techniques for com- 
pensating a system are discussed, and 
root loci are introduced and_ used. 
Frequency response and the presenta- 
tion of complex frequency functions 
by means of the Nyquist and Bode 
diagrams are explained. Carrier control 
systems, systems with dead time, and 
sampled-data systems are clearly pre- 
sented. One chapter is devoted to noise 
in control systems. Nonlinear control 
theory is discussed in the two last 
chapters: in one, the use of describing 
functions is considered; and in the 
other the use of graphical techniques 
in the phase plane is explained. 

For the thoughtful reader, Dr. Mur- 
phy’s book will be not only informative 
but of lasting value. A.M.H. 


Electron Tube Life Factors. Edited 
by Craig Walsh and T. C. Tsao. 
Engineering Publishers, Box 2. Eliza- 
beth, N. J. 173 pages, price $9.50. 

Under two Department of the Army 

contracts, more than 35,000 electron 

tubes were life tested under various 
electrical, mechanical and thermal con- 
ditions for periods up to 5000 hr. The 
purpose was to determine, by controlled 
large-sample testing, the effects on tube 
characteristics of the variations of cer- 
tain specified environmental or opera- 
tional conditions. A further objective 
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Metallurgical Memo from General Electric 


G-E thermistor in the wall control eliminates 
fluctuations in room temperature 


A thermistor is a small, inexpensive and trouble- 
free resistor that is extremely sensitive to tempera- 
ture. Mounted in the wall control, this element 
signals any temperature variation from the dial 
setting, even as small as 1/10 degree. These sig- 
nals are transmitted by low voltage wiring through 
a tube-type or transistorized amplifier to a fuel 
control valve which automatically regulates the 
burner flame. Room heat loss is immediately re- 
placed. Thus the thermistor supplants bi-metals, 
false-starting mercury capsules, and other undesir- 
able moving parts. 

Other applications for thermistors in the indus- 
trial and home heating fields include time delays 
of fuel oil valve operation and heat pump cycling. 
Use G-E thermistors in your heat control design! 


If you have a temperature compensation or cur- 
rent inrush suppression problem, it may be solved 
by a thermistor, too. Send for literature and one 
of our sample kits, then write for assistance of a 
G-E engineer for your specific application—Mag- 
netic Materials Section, General Electric Com- 
pany, 7804 N. Neff Blvd., Edmore, Michigan. 


TRY-IT-YOURSELF 
APPRAISAL KITS! 
Send for Kit B. Contains 2 each of 6 


high resistance thermistors for labora- 
tory study and evaluation. Price $12.50. 


MAGNETIC MATERIALS SECTION 


GENERAL @ ELECTRIC 


CARBOLOY® CEMENTED CARBIDES * MAN-MADE DIAMONDS * MAGNETIC MATERIALS + THERMISTORS + THYRITE® * VACUUM-MELTED ALLOYS 
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“SETS the STANDARD” 


in electronic components 


FOR RADIO—TELEVISION—HI-FI-STEREO—TAPE RECORDERS 
MUSICAL INSTRUMENTS—ELECTRONIC CONTROLS AND COMPUTERS 


MA 
SA 


be 


Qa 


JACKS 


FOR MILITARY AND 
MOST COMPLETE LINE 


INDUSTRIAL 


EQUIPMENT— 


Available in all common and many special circuits. 


“LITTEL-JAX”’ 
“TINI-JAX’—Similar to 
in design. 


“SF-JAX’’—short frame design 
frame design—al!l circuits 


“*LF-JAX’’—long 


require minimun 
“Littel-Jax”’ 


panel space 
subminiature 


innumerable circuits 


“EXTENSION JAX’’—for cable extensions 
“SHIELDED JAX’—shield assembled into and made 


@ part of Jack 


“LAMP JAX”’—Switchboard panel type. Ideal for 


mounting on Jack Panel 


TELEPHONE & MILITARY JACKS 


“T-JAX"’—a conventional telephone 
sign—all standard circuits 


tions 


“M-JAX""—a heavy duty design used in 


industrial equipment. 


witchboard de 
and military specifica 


heavy 


“TWIN-JAX"—Frame double width with 2 mounting 


ears. 


“LEV-R SWITCHES” 


Unusually compact. Many 
circuits. Locking and 
non-locking. Series 3000 
and 13000—single hole 
mounting. Series 12000 
requires only about V% 
of depth behind panel 
of conventional “Key” 
switches. 


“LITTEL & 
TINY-SWITCHES” 
“Littel-Switch’’ rug- 
ed yet small, a Push 
utton switch available 
in simple circuits; con- 
tacts to suit. Various 

colors of Buttons. 
“Tiny-Switch’’ — simi- 
lar to “‘Littel-Switch’’, 
except sub-miniature de- 
sign. 


MOLDED 
CABLE ASSEMBLIES 


(Audio Jumpers) Plugs 
molded directly to vari- 
ous cable combinations. 
Shielded and unshielded. 
Various lengths. 


“FF-SWITCH”’ 


Flat frame support spring 
pile-up’ in various cir- 
cuits and contact com- 
binations. ‘‘Easy’’ action 
of colored push buttons. 


BUTTON AND 
CORD SWITCHES 


*““Button-Switches’’ — un- 
usually small push but- 
ton switch, completely 
enclosed 
“Cord-Switches”’ cord 
mounted or pendant 
switch. Ideal for ‘‘hold’’ 
in hand operation 


COMPLETE LINE OF AU- 
DIO ACCESSORIES — 
ADAPTERS, COUPLERS, 
CONNECTORS WITH 
PHONE OR PHONO CON- 
NECTIONS, AUDIO MIX- 
ERS, SPEAKER CON- 
TROL 


BC eee” 


AVAILABLE AT ALL LEADING RADIO PARTS JOBBERS @ 
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LE 


PLUGS 
THE LARGEST VARIETY OF STYLES, SIZES AND TYPES 


“LITTEL-PLUG’’—small 
MIL type). 


“TINI-PLUGS”—sub-miniature 2 


standard Jacks—{falso 


conductor Phone 


Plug for use with ‘’Tini-Jax’ 


“LUG-PLUG” 

“STANDARD” 
rugged design 
“FLAT-PLUG” 


small 


cover 


low cost 
conventional 
2 and 3 conductor types 
removable 


size. heavy terminals— 


permits use with 


screw or solder lug terminals 2 of 3 conductor 


types 


“TWIN-PLUG’’—-two electrically independent 2-con- 


juctor plug mn 54” C.C 


JACK PANELS 
Black 


aluminum type Sup- 


port Switchcraft ‘’T- 
JAX” and “’MT-JAX”’ 
panels. 


“HOOK SWITCH” 
Switch actuated by 
hanging accessory on 
hook. 2 different meth- 
ods of mounting. Stand- 
ard circuits. Soft easy 
action. Require mini- 
mum of depth behind 
panel 


“RS-SWITCH”’ 


Rotary switch, rugged 
frame supports spring 
“pile-ups”’ minimum 
panel depth 2 3 
position; locking or non- 
locking action 


When writing fo 
in which you are 
on cv 


promptly. 


phenolic and 


r catalog, 


interested. 


stom-made comp’ 


MILITARY TYPE 


Single and double row 
Accommodate up to 52 Jacks 


“TELEVER SWITCHES” 


Rugged telephone type. 
Locking and non-locking 
types. Series 6000 
mounts by screws or to 
escutcheon plate. Series 
16000 features single 
hole mounting. 


““MULTI-SWITCH” 
Features choice of 
switching functions. 1 
to 37 stations possible. 
Single frame or ganged 
assemblies. Illuminated 
or non-illuminated but- 
tons 


list products 
Inquiries 


handled 


onents 


5539 N. Elston Avenue, Chicago 30, Illinois 


Canadian Representative: 


Atlas Radio Corporation, Ltd. 
50 Wingold Avenue, Toronto, Canada 
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was to learn if there were broad gen- 
eral rules for designing equipment 
having improved reliability. This book 
contains the results of those tests. 

The tubes tested included eleven 
JAN-type miniature tubes and one com- 
mercial computer tube (Type 5963). 
For each of the tube types tested, values 
of important properties and the failure 
percentages are shown in charts to give 
a graphic picture of the variations dur- 
ing the test period. Changes in detri- 
mental properties are arranged in 
tabular form to accompany the graphic 
presentation. The graphs and tables 
were prepared after analyzing, sorting, 
and rearranging the data so that a 
maximum amount of information might 
be offered in a reasonable number of 
pages. 

One word of caution: since the tests 
were conducted during the period from 
1951 to 1956, improvements in tube 
characteristics since that time should 
be taken into consideration 


Hydromagnetic Channel Flows. 
Lawson P. Harris, Technology Press 
of Massachusetts Institute of Tech- 
nology, and John Wiley & Sons, Inc., 
440 Fourth Ave., New York 16. 90 
pages, $2.75. 

This research monograph deals with 

the theory of phenomena encountered 

in magnetohydrodynamics—the study of 
flows of electrically conducting fluids 
in the presence of fields. 

Three types of flows are considered: 

turbulent d-c hydromagnetic flow, and 

laminar and turbulent induction-driven 
flows of viscous, incompressible elec- 
trically conducting fluids. 


magnetic 


Servomechanism Fundamentals. 
H. Lauer, R. Lesnick, and L. E. Mat- 
son, McGraw-Hill Book Co., 327 W. 
41 St., New York 36, N.Y. 200 pages, 
$10.00. 

This is the second edition of a 
originally published in 1947. It 
vides a fundamental introduction to the 
theory of servomechanisms in a prac- 
tical and straightforward manner. How- 
ever, it is not to be confused with the 
number of texts on a more advanced 
level, which the practicing servo engi- 
neer will undoubtedly find more useful. 
For instance, working on the assump- 
tion that the subject of the Laplace 
transform is not included in most col- 
lege curricula, this approach to servo 
analysis is not presented. Neither is 
the root-locus technique. There is, how- 
ever, a chapter on nonlinear servos (new 
in this edition) which gives some very 
helpful information on what causes non- 
linearities and ways in which they can 
be analyzed. Examples with typical 
calculations throughout the book should 
be of value to students and beginners 
in the art of servo design. 


work 
pro- 
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WAGNER Polyphase 
Resilient Mounted Motors 
horsepower 


in ratings 


tnrough 10 


Quiet, vibration-free performance is essential when 
motors are installed in areas where noise must be held 
to a minimum . . . in hospitals, churches, schools, office 
buildings, restaurants and similar locations where 
quiet is needed or wanted. 


Such installations have created a need for larger poly- 
phase motors that whisper while they work. Wagner 
has met this need by expanding its line of polyphase 
resilient mounted motors to include standard ratings 
through 10 hp. 


You certainly have applications that call for a smooth 
running motor, cushioned by resilient mountings. 
To make sure they’re quiet, specify Wagner Poly- 


phase Resilient Mounted Motors. Only Wagner can 
provide an entire range of ratings through 10 hp. 


Constant research and development have kept Wagner 
up front in electric motor design for more than 65 
years ...made the name Wagner one you can de- 
pend on in choosing electric motor drives. 


Your nearby Wagner Sales Engineer can help you 
select the right motor to meet your requirements. 
There are Wagner branch offices in 32 principal cities. 


Wad Ze . ° . : 
Nagner Electric Corporation 
6400 PLYMOUTH AVENUE, ST. LOUIS 33, MISSOURI 


SLEEVE OR BALL BEARING. 
These motors are furnished with quiet 
running steel-backed babbitt-lined 
sleeve bearings of high load carrying 
capacity. Ball bearings can be sup- 
plied when desired. 





The starting winding is discon- 
nected from the line by this 
Wagner designed switch . . . test 
proved to make more than a 
million breaks. (That adds up 
to two starts per hour for 50 
years!) 


Eff t « ‘ Systen 
improved ventilating system used in these 
motors directs a large volume of air 
through the motor to effectively reduce 
temperatures and add to motor life. Cross 
section indicates direction of air flow. 


The sleeve 
bearing design, in fractional hp ratings, 
has a positive lubrication system that per- 
mits operation in any position...can 
mecn important savings in motor costs 


Angie Ope 


to manufacturers. 


< imect 

' s. Brass tabs on ter- 
minal studs permit quick, easy 
connection of leads...cut wir- 
ing time to speed assembly line 
production. Simply press the 
lead receptacle on to the stud — 
a positive connection is assured. 


Pack more power into less space...give long 
troublefree service...are easy to hook up 

Here are general purpose single-phase motors that have high starting torque and high pull-in 
torque. When used in the proper applic ation and supplied with voltage close to their rating, 


.. thanks to the 


positive action of the Wagner governor mechanism and long life quick-break switch. 


they ll give positive starts every time. Troublefree operation is assured 


Wagner Type RK Motors pack more power into less space. Small enough to fit in tight spots, 
their ruggedness is built-in... permits direct mounting. And, sleeve bearing fhp models can 
be operated in any position. They are available in a range from 1/6 through 5 horsepower, 


with sleeve or ball bearings, and with rigid bases or resilient mountings 


Get these motors from leading motor distributors in your city, or from Wagner sales offices in 

cities across the country. Your Wagner Sales Engineer will be glad to help you select the 
right motor for your application. Wagner Bulletin MU-217 gives full details on Capacitor- 
Start Motors 


y | | ag crac { orporatio 
6400 PLYMOUTH AVENUE, ST. LOUIS 33, MISSOURI 


CAPACITOR- 
START 
MOTORS 





Engineering 
Standards 


ASA Standards 


A new Manual (not an American Stand- 
ard) of recommended style for organi- 
zation, size, layout, type specifications, 
and similar aspects of published Amer- 
ican Standards has been made available 
for $1.50. 

The 1960 Price List and Index of 
American Standards contains a listing 
of the more than 1800 Standards ap- 
proved to date. Copies are available 
free upon request to ASA, 

The proceedings of the Tenth Na- 
tional Conference on Standards, held 
at Detroit last October, is now available 
complete at $4.00 or in seven separate 
sections at $1.00 each. Subjects include 
the automotive field, fastener industry, 
space technology, and the question of 
whether American industry should con- 
vert to the metric system. 

The following new and revised stand- 
ards and standard recommendations 
have been made available: 

$1.6-1959, Preferred Frequencies for 
Acoustical Measurements, 30¢. This is 
a new American Standard. 

B5.10-1960, American Standard Ma- 
chine Tapers, $2.50; a revision. 

1EC-110, Recommendations for Power 
Capacitors for Frequencies between 100 
and 20,000 cps, $2.40; a publication of 
the International Electrotechnical Com- 
mission. 

These publications are available from 
the American Standards Association at 
their new 10 E. 40 St., New 
York 16. 


address, 


AIEE Standards 


The following standards publications 
have been issued by the AIEE: 

15, American Standard for Industrial 
Control Apparatus, $2.20. (ASA C19.1- 
1959). 

A series of pamphlets comprising the 
Report on Aircraft and Missiles Elec- 
tric Systems Guide is available: 

750.1, Section 000 — Introduction; 
Section 100 — Criteria for the Electric 
System; Section 200 — Principal Sub- 
divisions of Electric Systems; Section 
300 — Selection of the System; 50¢. 

750.4, Section 400—Installation Prac- 
tices, 50¢. 

(Continued on page 322) 
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more engineers 
are discovering BRAND NEW 
USES for low cost 


EVELITE* 


laminated phenolic tubing 


Light as aluminum, structurally 
strong, exceptional chemical prop- 
erties and high insulation resistance 
—this tubing is superior to many 
other materials. 


PHYSICAL PROPERTIES 


.090°’ to 8.000"’ 
1175” to .250°" 

Ye" to 82 feet 

250°F. continuous 
0.98—1.10 


Inside diameter 
Wall thickness 


° ° e e H. i 
In numerous applications, imagina- ee 


tive engineers are improving their 
products with Clevelite...and at 
lower cost. 


Specific gravity 
Acetone extraction 


Colors Natural & Black 


CLEVELITE CAN BE... 


Write for a copy of our descriptive brochure. 


*Reg. U. S. Pat. Off. 
THE 


CLEVELAND CONTAINER 


COMPANY 
6201 BARBERTON AVE, CLEVELAND 2, OHIO SALES OFFICES: 


ABRASIVE DIVISION at CLEVELAND, OHIO cee 


WASHINGTON 
MONTREA 
REPRESENTATIVES: . 
NEW ENGLAND: R.S. PETTIGREW & CO. CHICAGO AREA: McFARLANE SALES CO. 
10 N. MAIN ST., W. HARTFORD, CONN. 5950 W. DIVISION ST., CHICAGO 
NEW YORK AREA: MURRAY SALES CO. WEST COAST: COCHRANE ELECTRONIC SALES CO. 
604 CENTRAL AVE., EAST ORANGE, N. J. 544 S. MARIPOSA AVE., LOS ANGELES 


PHILADELPHIA: MIDLANTIC SALES CO. CANADA: PAISLEY PRODUCTS CO. LTD. 
9 E. ATHENS AVE., ARDMORE, PA. 36 UPTON RD., SCARBOROUGH, ONT, 


PLANTS & 
SALES OFFICES: 


CLEVELAND 
DETROIT 
CHICAGO 
MEMPHIS 
LOS ANGELES 
PLYMOUTH, WISC. 
JAMESBURG, N. J. 
FAIR LAWN, N, J. 


CLEVELAND 
CONTAINER 
CANADA, LTD. 
TORONTO & 
ss aa ONT, 
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750.5, Section 500—Equipment Char- 
acteristics: Section 800 Electric Sys- 
tem Design Procedures; $1.40. 


Qunco’s answer to the . ures; 9140, 
750.11, Appendix I—Characteristics 
lem of ec a9 of Alternating-Current Generators Af- 
prob over-relayed fecting Their Application; Appendix II 


Distribution System Design; Appen- 


. . 
industrial controls! dix Il]— Symmetrical Components; 


$1.10. 


805, Proposed Test Procedure for 
A-C 400-cps Aircraft Induction Motors, 
O0e. 


806, Proposed Test Procedure for 
Aircraft A-C Generators, 70¢. 


C42.45, Definitions—Electromechan- 
ical Applications (elevators), $1.00. 


These standards are published by the 
American Institute of Electrical Engi- 
neers, 33 W. 39 St.. New York 18. 


ASTM Standards 


The 1959 Supplements to the 1958 Book 
of Standards have been completed. Each 
supplement includes new standards and 
A N I M P Oo R TA N T revisions adopted in 1959. The heavy- 
paper-covered supplements include the 


following parts: 


7 Part | Ferrous Metals Specifica- 
tions, 362 pages. 
Part 2—-Non-Ferrous Metals Specifi- 
cations and Electronic Materials, 280 
pages. 
Part 3—Methods of Testing Mate- 
: 110 


rials (except Chemical Analysis), 
pages. 
we 2 Part 9 — Plastics, Electrical Insula- 
for industrial control tion, Rubber, Carbon Black, 546 pages. 
Each part is $4.00 from American 
Society for Testing Materials, 1916 
Race St., Philadelphia 3. 
219 Frame Relays, using heavy duty 12-pin plugs and 
sturdy industrial-type phenolic sockets, are Dunco’s 
answer to the need for industrial control relays that 
are large enough, but not too large; fully dependable, 
but moderately priced. Designed for long, reliable 
contact life on relaying loads, they have proved out- 
standingly successful on laboratory-type “tail chas- 
ing” circuits and on machine control installations. 


NEMA Standards 


The 1960 Guide to NEMA Standards 
Publications has been published. The 
18-page booklet contains descriptions of 
all existing NEMA Standards Publica- 
tions. Included are brief descriptions 
of twenty new books produced last year. 


Dunco 219 Frame Relays have 10-ampere current na é ; ; 
Titles of some of these are: Compres- 


carrying parts; 150-volt electrical spacings of 14” 
over surface and 14” through air; and withstand 
1500-volt dielectric test. Three standard contact 
arrangements available at minimum prices facilitate 
control circuitry standardization sak sinallly field 
maintenance replacement problems. 


sion-Type Pressure Connectors; Quick- 
Connect Terminals, Screw-Type Pres- 
sure Connectors; High-Temperature 
Properties of Industrial Laminates; 
Glass-Fiber-Covered Silicone-Treated 
Rectangular and Square Magnet Wire; 
Write Today for Dunco Engineering Bulletin 2219. Round Magnet Wire—Polyurethane- 
Coated, Vinyl Acetal Nylon-Coated and 
Vinyl Acetal Self-Bonding. 


A set of revised sheets for IC 1-1959, 

a Industrial Control, has been issued. 
This Revision No. 1 affects Part Num- 

bers 1-3, 11-18, 20-25, 31, 32, 41-48, 


inclusive. and an index sheet for this 
NEMA Standards Publication. 


Member, National Assn. of Relay Manufacturers 


World’s largest selection of relay types 


STRUTHERS-DUNN, Inc., Pitman, N. J. 


Sales Engineering offices in: Atlanta + Boston + Buffalo + Charlotte 
Chicago + Cincinnati + Cleveland + Dallas + Dayton «+ Detroit 
Kansas City + Los Angeles «+ Montreal «+ New Orleans + New 
York « Pittsburgh « St. Louls « San Francisco + Seattle + Toronto 
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Copies of the Guide and price list 
may be obtained without charge from 
National Electrical Manufacturers As- 
sociation, 155 E. 44 St., New York 17. 
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“...-NEW MANUAL 
EXPANDS INFORMATION ON 


MINIATURE & INSTRUMENT 
BALL BEARINGS...” 


By GEORGE HAMPSON, Vice President-Sales, 
New Hampshire Ball Bearings, Ine. 


“... this ‘Design & Purchasing Manual’ replaces the first- 
of-its-kind ‘Technical Data and Catalog’ book NEW 
HAMPSHIRE published in 1957. As the ‘Technical Data’ 
(black cover) was then, we believe the ‘Manual’ (green 
cover) is now, the most complete source of information on 
miniature and instrument ball bearings in print. About 50 
pages larger than the old book, the ‘Manual’ was expanded 
that much to include information developed since 1957 on 
ordering, maintaining, fitting, lubricating and testing mini- 
ature bearings.” 


QUALITY — AND ASSURANCE 


“The significance of ABEC Class 7 tolerances to running 
quality of instrument bearings is covered in one section with 
a brief, to-the-point explanation of how improved bearing 
geometry helps the design and quality control engineer. A 
pictures-and-words story describes NEW HAMPSHIRE'’s 
Quality Assurance by which this high standard for mini- 
ature bearings is maintained in production. The equipment 
used, and how used, is fully described. Testing geometry 
and finish, cleaning and lubricating, functional testing of 
bearings, and metal research are some of the subjects 
covered.” 


EASY-TO-READ TABULATIONS 


“An even easier-to-read tabulation form is used to list NEW 
HAMPSHIRE Bearings in Bore/OD/Width sequence for 
quick identification and selection when ordering or writing 
specifications. Three hundred seventy bearings are so listed, 
including NEW HAMPSHIRE wafers, the narrowest 
shielded retainer bearings possible for given Bore/OD com- 
binations, and developed especially for manufacturers of 
synchros, servos, small motors, potentiometers, miniature 
gear trains, and other products where space-for-bearings 
is a problem.” 


MAY 1960 


HAMPSHIRE 


DESIGN 


a PURCHASING 


MANUAL 


| 


| 


BEARING NUMBERS EXPLAINED 


“The ‘Design & Purchasing Manual’ includes a section on 
Designation, Packaging and Marking in which NEW 
HAMPSHIRE Bearing number symbols are explained, 
methods of packaging available from NEW HAMPSHIRE 
are described, and materials identification codes listed. 
Study of this section can work savings of money and time 
by minimizing the necessity of returning mistake-ordered 
bearings. In addition, simple HOW TO ORDER instructions 
are included on every page of bearing tabulations. 

A Table of Weights is provided to assist those responsible 
for systems design and planning to compute weights of 
the NEW HAMPSHIRE Bearings specified and included.” 


ENGINEERING BULLETINS EXPANDED 


“The Engineering Bulletins have been expanded and brought 
up-to-date to inform designers, engineers and quality control 
personnel of the latest developments related to Lubrication, 
Load Ratings, Fits, Speed, and other factors affecting per- 
formance and life of instrument bearings. There are now 22 
Bulletins on as many subjects, including the two most re- 
cently developed, Duplex Bearings, and Bearing Roundness 
—one hundred seventeen pages of technical information on 
miniature and instrument ball bearings compiled and writ- 
ten by Bearing Engineers.” 


REGISTERED COPIES AVAILABLE 


“The ‘Design & Purchasing Manual’ should be in the library 

of every designer, draftsman and buyer specifying or pur- 
chasing miniature and instrument ball bear- 
ings. Each copy is registered to its recipient. 
Your name and title sent to us on your 
company letterhead will bring your copy to 
you by return mail.” 


NEw 
BALL BEARINGS, INC. 


PETERBOROUGH, N.H. 
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Small Speed Reducer 
Motors in over 1600 
standard specifications! 


Motors with built-in speed reducers are used exten 
sively by manufacturers of motor-driven machines 
who desire a compact, low-speed motor. By combin 
ing the motor and speed reducer in one unit, all 
cumbersome and complicated speed reducer trans 
missions, such as belts, gears, and chains are elim 
inated. Design and installation time are saved. The 
unit is compact, quiet, and attractive in appearance 


TORQUES 
1.3 in. oz. to 350 in. Ib 


SPEEDS 
0.6 to 300 rpm 


RATIOS 


Trouble-free performance is assured 


6:1 to 2880:1 


*- D> B 


Group 1...Speed reducer motors de- 
signed for transmitting low torques over 
a wide range of speeds. Motor diameter 
about 2%” to 3%”. Worm of hardened, 
long-wearing, nitralloy steel cut on motor 
shaft (except for the low powered V-10R 


and NSP-11R). Laminated bakelite pri- - 


mary gear. Secondary gear, bronze on 
ratios 180:1 or more; laminated bakelite 
on lower ratios. Ratios—Single Reduction 
Ratios — 6:1 to 30:1 Double Reduction 
Ratios—36:1 to 1120:1. 


Group 4...A double worm-gear reducer 
for transmitting high (up to 219 in. Ibs.) 
torques at low speeds. Motor diameter 
approximately 4%”. Worms are accu- 
rately ground from hardened steel. The 
bakelite primary gear assures quietness; 
the hard bronze secondary gear provides 
long life. Ball bearings used throughout. 
Reduction ratios range from 72:1 to 
2880:1. Any specified mounting position 
may be obtained except gear head over 
motor. 


Group 2...A double worm-gear speed 
reducer designed to deliver moderate 
(up to 52 in. lbs.) torques at low speeds. 
Diameter of motor approximately 3%”. 
Both primary and secondary worms are 
of hardened nitralloy steel. Laminated 
bakelite primary gear. Hard bronze sec- 
ondary gear. Motor shaft has prelubri- 
cated ball bearings. Secondary and 
driveshafts have bronze sleeve bearings, 
grease lubricated. Reduction ratios—60:1 
to 1350:1. 


Group 5...A single reduction, right- 
angle worm-gear reducer, capable of 
transmitting substantial (up to 73 in. Ibs.) 
torques. Motor diameter 4%" to 5%”: 
Separable hardened and ground steel 
worm. Gears of laminated bakelite or 
hard gear bronze, depending on torques 
delivered. Motor shaft has ball bearings, 
grease-lubricated with self-seals. Ratios— 
10:1 to 60:1. 


BODINE 


ATT A ES CC 


MOTORS 


BODINE ELECTRIC COMPANY 
Chicago 18, Illinois 


2506 West Bradley Place 


MAY 1960 


FREE 


12-page technical 
bulletin 


Additional detailed 
information on the 
more widely used 
Bodine Motors is 
contained in newly 
revised bulletin S-2. 
Copies available 
on request 
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Group 3...A single reduction right- 
angle worm-gear reducer, designed for 
transmitting moderate (up to 21 in. Ibs.) 
torques. Diameter of motor approximately 
3%" to 4%”. Separable hardened and 
ground steel worm. Laminated bakelite 
gear on steel hub. Motor shaft has ball 
bearings with built-in grease seals. Ratios 
—10:1 to 60:1. Motor Mounting—Any posi- 
tion except with gear housing above 
motor, 


Group 7...Extra rugged reducer for 
driving heavy (up to 198 in. Ibs.) loads 
continuously with ample reserve for over- 
loads. Loads are carried on ball bearings. 
All forces directly transmitted to the 
motor feet. Separable steel worms are 
hardened and ground. Gear is of bronze. 
Ratios—8:1 to 48:1. Motor. may be as- 
sembled to mount in any position except 
gear head over motor. 


K-2 Speed reducer motor designed for 
continuous duty applications requiring 
sturdy construction and exceptional re- 
liability. Small, rugged. Available with 
built-in spur or helical gearing. Syn- 
chronous or nonsynchronous. Distributed 
windings are used for highest efficiency. 
Speeds 300 rpm. to 0.7 rpm. Torque 1.3 
to 120 inch ounces. Frame-die cast zinc 
except for the steel laminations. Ball bear- 
ings are standard. Ratios—6:1 to 1800:1. 
Capacitor is included with each motor. 





The POWER behind the leading products 
3500 STANDARD 
built-to-order Bodine Motors! 

300 STOCK Bodine Motors! 


office machines, instruments, timing devices, pumps, 


coin-handling equipment, communication equipment, 
therapeutic devices, sound-recording and reproducing 
equipment, machine tools, plus many other applications. 


TYPE N MOTORS: 


Bodine Type N Motors are manufac- 
tured in three basic sizes, with each 
size available in several different 
lengths. The smallest is only 33/,” in 
diameter...the largest just over 5'/.” 
in diameter. Standard ratings range 
from 1/150 to 1/6 horsepower at 
1725 rpm...however, Type N Motors 
can be furnished in other ratings and 
speeds. Windings available:  split- 
phase, capacitor, synchronous, shunt, 
compound, universal (series wound, 
including governor controlled) 


300 Different Stock Type of Motors Available Immediately from Distributors Located in Maj 


TYPE K-2 MOTORS: 


The K-2, which is one of the smallest 
distributed wound motors manufac- 
tured today, is only 23/5” high. Nor- 
mal 60 cycle output ranges from 
1/2000 to 1/500 horsepower on con- 
tinuous duty. Power is substantially 
greater than motors of clock type 
construction. These motors are well 
suited for applications, such as tim- 
ing devices, instruments, and related 
equipment which calls for relatively 
low output, and continuous trouble- 
free service 


TYPE V-10 MOTORS: 


Supplied with a series winding, the 
V-10 has variable speed character- 
istics, and a full load speed of 5000 
rpm. It has a high starting torque and 
rapid acceleration, and can be oper- 
ated on either DC or AC. This is a 
compact motor and offers generous 
power with light weight and small 
enclosure. Three tapped holes in the 
end shield allow end mounting. Op- 
tional horizontal base mounting re- 
quires a motor frame strap. 


ior Manutacturing Areas 


AND a wide range of special purpose motors 
and modifications 
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Distributed-Parameter Networks for Mi- 
crominiaturization, April 1960, 6 pages. 
An exploration of possible network 
characteristics obtainable by the meth- 
od of sandwiched layers of conductin, 
dielectric and resistive films. By em- 
ploying the distributed network con- 
cept, it is demonstrated that circuit 
performance unobtainable with lump- 
ed-parameter arrangements can be 
achieved by the layer method. (934) 





Editorial REPRINTS Available 





those numbers which correspond to the 
reprints desired. 

If multiple quantities of these re- 
prints are desired, the rates to govern 


As manuscripts are projected for pub- 
lication in each issue of ELECTRICAL 
MANUFACTURING, the board of editors 


determines which editorial articles are Copper and Copper Alloys—Their Prop- 


. . . . . . . s a 
to be made available to readers in re- are indicated below. Remittance must erties and Design Applications, April 
print form. accompany all orders. Larger quanti- 1960, 9 pages. The properties of cop- 
Available reprints of articles in this ties, special quotation. per and its alloys are related to the 
and previous issues are briefed here. design needs of eo eB oo 
Any regular ELectric MANUFACTUR- ; a ae : and systems. Applications of ma- . 
y regular F ean MANUFACTUR Cost of Single-Subject Reprints terials to design parameters are il- 
ING reader qualifies for one copy of all ; — developed in the text 
single-article reprints, without charge. No. of Number of pages oe and ane =. in the oan) 
The numbers at the end of reprint Reprints 4-12 16-32 and accompanying ta , ‘ 
listings correspond to the numbers on ] Gratis Gratis 
° . e aes alls aie , « we. i van- 
the postcards incorporated in the Read- 5 $2.00 $3.75 Powder ow ~— SS . 
° . ° . e on. € oy Sig Nli me « > « 
er Inquiry Service Section at the end 10 3.15 6.00 tages . 1 ates conaabis of the 
( > > aders sine 9°, 7 c pages. A ae 2 © q 
f the book. Readers should circle 25 7.50 12.50 advantages of powder-metallurgy tech- « 


niques in design of electrical and 
electronic components. Specific case 
histories illustrate design experience 
with these compacted and sintered ma- . 
terials. Properties and other design 
parameters are explored and illustrated 
by charts and photographs. (921) 


Precision Ball Bearings for Electromech- Plastics Molding Materials for Structural 
anical Instruments, May 1960, 4 pages and Mechanical Applications, May 
Elements of ball-bearing application 1960, IL pages. A review of plastics 

molding materials, based on structural 

and mechanical properties and design 
parameters. Newer materials are de- 
scribed in detail. Significance of test 
methods is discussed, with supporting 


factors in representative types of criti 
cal instruments such as servos, syn 


Fine-Pitch Gear Trains, March 1960, 7 
pages. Gear quality classifications, cen- 
ter-distance considerations, and back- 
lash problems are discussed with re- 
spect to fine-pitch gear applications in 
electromechanical computers, servo- 
positioning feedback systems, instru- 
ments and radars, and in line with 


chros, resolvers, gyro gimbal bearings 

and gyro spin motors. Bearing design, 

materials, lubricants, loading, life ex 

pectancy and fits are discussed, as re tables and graphs. (926) 

lated to bearings approximately 1 in 

OD and smaller, (935) Power-Supply Circuit Design by Digital- 
Computer Method, May 1960, 7 pages. 


Editorial Index to 


ELECTRICAL 
MANUFACTURING for 1959, 24 
pages. This yearly subject-classified in- 
dex is completely annotated. Includes 
author index, plus separate indices 


Designing power-supply circuits with 
the help of a digital computer relieves 
the design engineer of many time- 
consuming, routine chores. Laboratory 
data are compared with the computed 


data. (948) 





for Editorial page, Design Trends, and 


Research Notes departments. Also re- The Postulates of Boolean Algebra in 
produces the EvecrricaL Manv- the Languages of English Words 
FACTURING Subject Classification and Mathematics, Logic, Engineering hy 
Alphabetical Subject Cross Index metrical Diagrams, Circuit Diagrams. 
which form the basis of the index and Truth Tables, April 1960. This 11 
system. (915) x 17 in. wall chart (from the April 
1960 Science & Engineering insert) 
contains a compilation of the funda- 
mental laws of Boolean algebra: the 
Laws of Combination, the Laws of the 
Unique Elements, and the Laws of 
Negation. For the designer of logical 
circuitry, this tabulation provides not 
only an at-a-glance “translation” from 
one symbolism to another, but also 
the conversion from sums to products 
(and vice versa). (947) 


Thermoelectric Heat Pumps, May 1960, 
6 pages. A two-in-one report on the 
cooling ability of commercial thermo- 
electric devices (3M and Westing- 
house). Basic elements of custom-de- 
signed semiconductor-type heat pumps 
and packaged component coolers are 
described. Examples of cooling prob- 
lems are worked out. (941) 


How to Make Basic D-C Measurements, Magnetism Research Pushes New En- 
May 1960, 14 pages. Starting with a gineering Developments (Parts I and 
description of the standard resistor and II), February and April 1960, 20 
the standard cell, this guidebook-type pages. Design significance of research 
article shows in detail how direct- progress reported at the Fifth AIEE 
reading and universal ratio sets can Conference on Magnetism and Mag- 
be calibrated by bootstrap methods, netic Materials on: basic phenomena, 
also how two standard types of in- soft magnetic materials, permanent 
strument potentiometers can be cali- magnets, microwave components, com- 
brated using the standard cell and a puter elements and_ instrumentation 
universal ratio set. (949) devices. (928) 


326 





current and projected ASMA stand- 
ards. (927) 


Electromagnet Coil Design Charts, March 


1960, 3 pages. Since “wire size” in 
terms of either diameter or area is a 
primary factor in coil design of any 
kind, mathematical relations for design 
must include it. For practical reasons, 
wire size is a step function: only par- 
ticular sizes are available. Coil design 
therefore becomes a matter of judicious 
compromise, involving successive ap- 
proximations. Graphic methods are pre- 
sented for facilitating d-c and a-c coil 
design to minimize repetitive computa- 
tions. Derivations and examples sup- 
port the design charts. (925) 


The Esaki “Tunnel” Diode, February 


1960, 12 pages. Theory of operation 
of the most recent addition to nega- 
tive-resistance semiconductors is ex- 
plained in terms of the wave-like prop- 
erties of electrons. The diode’s 
small-signal behavior is described, its 
application as a low-noise amplifier ex- 
amined, and its noise figure of merit 
established. Other uses are as low-level 
oscillator and an _ ultra-fast bistable 
switching device. (905) 


Design Techniques for Static Inverters— 


Parts 1 and 2, January and February 
1960, 20 pages. Combined reprint of 
a two-part article giving the theory 
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SERRATED CRIMP 
FOR GREATER RESISTANCE 


TO PULL-OUT 


BARREL-LENGTH 
VOID FREE 
CONNECTION 


MODEL-11 





PNEUMATIC POWER CRIMPING TOOL 


Portable or bench mounted... use it in 
the shop or on the job for top production. 


RETURN THE COUPON TODAY! 
H. B. SHERMAN MFG. CO. 
Battle Creek, Michigan 
Show me how I can save up to 15% with your — 
LUGS CRIMPING TOOL 
SEND FREE SAMPLE OF CRIMP 


BOTH 








Name 






Firm 





SHERMAN 
UNI-CRIMP 
LUG 


SHERMAN 
“ST LUG 
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behind the circuits of a complete semi- 
conductor inverter (primarily for air- 
craft use) and practical advice on the 
actual design of such instruments. The 
inverter is broken down into 5 sub- 





as ox oe circuits — oscillator, control, drive, 

oe power and filter—and many examples 

f vari types of each are given. 

AUTOMATIC MAGNETIC Reco and efficiency problems 

» also considered. 923 

TRANSFER SWITCHES =e CONTACTORS a are also considered (923) 

engineered to assure continuous power, reliable power switching, Research Progress in Dielectrics—1959, 
safeguard life, property, production. rugged durable design. January 1960, 11 pages. The 13th ? 


annual on-the-spot review of the Con- 

ference on Electrical Insulation of the 

National Academy of Science-Na- 

tional Research Council. The review 

abstracts and interprets the papers and ° 

discussion in the light of their short- 

range and long-range effects on prob- 

lems in equipment and systems de- 

sign. Included are discussions on re- 

search activities in high-temperature 

materials, nuclear radiation effects, 

capacitor dielectrics, microwave prop- 

erties, and associated test techniques. ss 
(945) 





P.N-P-N Four-Layer Diodes in Switch- 
ing Functions, January 1960, 7 pages. 
Theory of operation of two-terminal 
transistor-like devices which can be 
switched by changing the voltage 
across them or the current through 
them. Applications include pulse gen- 
erators and core drivers, ring counters 
and multivibrators. Mathematical ex- 
pressions derived for operating para 
meters. (943) 





Prevention of Electric Shock Hazard as 
a Basic Design Consideration, Janu- 
ary 1960, 5 pages. The importance 
of stressing electric shock hazard fac- 
tors in the preliminary stage of equip- 
ment design is discussed. Applicable 
data from the literature have been 
analyzed and suitable graphs and no- 
mographs derived for design purposes. 





~ Major shock hazards such as large 
ELECTRICALLY HELD ELECTRICALLY HELD non-current-carrying metal parts and 
exposed sharp parts are discussed, as 
2: : es 7 vell as other specific desi oblems. ° 
Zenith Automatic Transfer Switches and Contactors are rated from " er (946) 


30 to 600-amps., 250 and 600-v. operation. 


Control System Representations, Decem- 


. age . ber 1959, 3 pages. A chart showin 
QUICK DELIVERY « Designed to YOUR specifications alg cg oh pmol: ee 
classifications and their various com- 
Zenith has been engineering and manufacturing a complete line of mon representations, including transfer 
functions, equivalent analog computer 
circuits, Bode diagrams, Nyquist dia- 
grams and time constants. This re- 


electromagnetic controls and timing devices for over 35 years. 





@ Automatic Transfer @ Special Relay Write for 64-Page Engineering print is now being included in the 
Switches Controls Reference Catalog combined reprint of the recent series 
18-A. See classi- on “Automatic Control System De- , 
@ Transfer Switch @ Program Clocks | fied phone sign” by Ira Ritow (see p 346). For 
Accessories @ Interval Timers Be those who ordered the latter previ- 
directory for : : 
: © Genet Cheers ie anaes ously, this chart may now be obtained 
@ Magnetic Contactors ese - . individually free of charge by circling * 


representative. the proper number on the Reader 


Service postcards at end of book. (944) 


@ Cycle Timers 


SEE US AT THE DESIGN SHOW 


BOOTH 1241 Magnetic Amplifier Computing Control 


Circuits, December 1959, 9 pages. 
Building-block approach to analog 
control circuitry using standardized 
plug-in precision magnetic amplifiers 

(Continued on page 330) 





152 WEST WALTON STREET . CHICAGO 10, ILLINOIS 
Telephone: Michigan 2-3322. .Cable: Zenelec 
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kma 1° / instruments 


tells why they choose 


CROUSE /HINDS 


explosion-proof electrical equipment 





nce a? 
er accept a 
“Gustom prose 33 


fairly P - eliable Ss ba 
wariel¥ .* se Mechanié Divisin. 


~ > illips» 
wayne * ee rd Pro 
says Scien ific , 


str 
ran 1 
Beck” 


Mela tu de te he Cae le 
Crouse-Hinds Condulet® Explosion-Proof en- 
Cre Mm Atte toe he Te) 
Pe MU me ute 
@ “The Beckman Engineering Department 
specifies the use of Crouse-Hinds equipment in its 
process instrumentation for a variety of reasons. 


“We know that our own customers regard 
Crouse-Hinds as the industry standard in explosion- 
proof applications . . . 


“We also feel that Crouse-Hinds housings are 
fairly priced. The broad variety offered, the 
ready assistance available in acquiring modified 
or special units, and the reliable service on 
deliveries are the final arguments . . .” 


@ The exacting requirements of careful makers 
such as Beckman Instruments call for the extra 
margin of safety provided by Crouse-Hinds — 

in design, in construction, and in the minimizing 
of human error in installation, operation and 
maintenance. Yet there is economy of bulk that 
enables you to make best use of valuable plant 
or laboratory space. 


For expert assistance with any problem involving 
electrical equipment for hazardous areas, get in 


Tere te Ate ale tae Tae) _ 
f touch with nearest Crouse-Hinds office listed below. 


eed eM ul CM leita Mel: Tutt melt 
trically ignited explosions in flammable at- 
mospheres of vapors, gases or dusts. 





OFFICES: Affanfa Baton Rouge Birmingham Boston Buffalo Charlotte Chicago Cincinnati Cleveland Corpus Christi Dollas Denyer Detroit Houston Indianapolis Kansas City 
Los Angeles Milwovkee New Orleans New York Omaha Philadelphia Pittsburgh Portland, Ore. St.Louis St. Paul Salt Lake City San Francisco Seattle Tulsa Washington 


RESIDENT REPRESENTATIVES: Albony Baltimore Reading, Po. Richmond, Vo. CROUSE-HINDS COMPANY OF CANADA, LTD., TORONTO, ONT. 
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ASCO 
<7 nmnowunees an ALL-NEW 


PERMANENT SPLIT CAPACITOR MOTOR 


available in H. P. ratings from 1/39 to 1/3 


If you are the manufacturer of 


EXHAUST FANS 
UNIT HEATERS 
DIRECT DRIVE BLOWERS or 
AIR CONDITIONING EQUIPMENT 


this Motor is made for you! 


The new Fasco “71” Frame Motor is completely new in 
lamination design . . . rugged, precision-built to power 
your product smoothly, quietly, dependably—and do it 
with higher efficiency in less space and with less weight. 
This, coupled with Fasco’s reputation for building quality 
motors of heavy-duty design, guarantees long, trouble- 
free service life . . . a decided asset in helping you to win 
and hold customer satisfaction in your product. What’s 
more, this motor offers exclusive quality features at the 
lowest competitive prices. 


Write, wire or call us, or the FASCO field 
office nearest you and a field engineering 
specialist will call at your plant to study 
your particular application. 


FASCO INDUSTRIES, INC. 


Rochester 2, N.Y. 
eso FP. Motors and Blowers, Acopy is yours forthe asking. 7@/@phone: HAmilton 6-1800 


BRANCH ENGINEERING OFFICES 


East North Central 333 Salem Avenue North Central 5306 W. Lawrence Ave. WestCoast . 400 South Hiatt Street Mid Central 1110 S. Brentwood Bi 
Dayton 6, Ohio Baldwin 2-6181 Chicago 30, tit, _ ‘Kildare 51418. LaHabra, California Owen 1- “1781 3 Biss Louis coat Tae "Parkview 
South Central 4924 Greenville Avenue “East Coast 420 Lexington Ave. : 

Dalias 6, Texas Emerson 8-2603 Room 760° Graybar Building ‘New York 17, N.Y. oR 9.5570 Danone , Men. 
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HEYCO STRAIN RELIEF BUSHINGS 


for standard and special wires and cables 


The Approved Standard for 
Insulating and Anchoring 
ELECTRICAL 
, )) CORDS & CABLES 


HEYCO JUNCTION-TERMINAL BUSHINGS 


Miniature insulated receptacle for use with 3/16" quick 
disconnect terminals. Completely insulated Nylon body. 


Snap-in Assembly - Color Coded 
Eliminate “Pig-Tail’ Wire Leads 


> 


and fits into curved surfaces 
le single or connected in units 
Color and Number Coded 


6” or 4" female terminals 


3 


Oo) @ HEYCO onap Bushings 


Snap locks into panels up to Ye” thick with 


an \ finger pressure —35 |b. push back test. 
» ¥ 10 sizes for holes from % to 114” dia. 
various inside diameters 


My Nylon provides complete electrical in 
; sulation and rugged mechanical pro 
4 tection for Electrical wire & cable 
i) » Tubing & hose—Rope & cable-Bearing 
surface for moving parts 


Same bushings available 
without holes 


SAMPLES IT’S EASY TO GET FREE TRIAL SAMPLES OF ALL 
HEYCO BUSHINGS— 
—- ee ee 


HEYMAN | 
MANUFACTURING | 


COMPANY 


KENILWORTH 1, NEW JERSEY 
Hey Man... Say HEYMAN! 
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Covers amplifier design of one manu- 
facturer, basic circuits, typical applica- 
tions, and procedures for designing 
equation-solving circuitry to imple- 
ment Laplace transforms (906) 


Aluminum—Its Electromechanical Func- 
tion in Design, December 1959, 11 
pages. This Staff Report stresses the 
mechanical and structural uses of 
aluminum and its alloys (as distinct 
from electrical conductor applications) 
in a wide spectrum of electrical com- 
ponents and equipment. Applicable 
properties and their design significance 
are discussed and suitable graphs and 
tabular data are provided. Special 
considerations such as effects of cor- 
rosion, thermal conditions, and fabrica- 
tion are also discussed in detail. (904) 


Effects of Temperature on A-C Magnetic 
Properties of Nickel-Iron Alloys, De- 
cember 1959, 6 pages. A report on the 
second half of a two-part study to 
provide design data for developmental 
magnetic devices and to observe tem- 
perature-compensation parameters for 
existing applications. Results are re- 
ported in the form of curves for 60, 
400, and 1000 cps describing varia- 
tion of core loss per unit of weight and 
rms exciting volt-amperes per unit of 
weight as temperature varies. Six al- 
loys are reported for the temperature 
range —60 to +250 C. (937) 


Rectifier Voltage Transients—Causes, De- 
tection, Reduction, December 1959, 
7 pages. A “how-to” article on deter- 
mining the sources of high voltage 
transients in semiconductor rectifier 
circuits, detecting their presence in 
actual equipment, and providing means 
for their effective reduction. (929) 


Accelerometers and Their Characteristics, 
November 1959, 9 pages. A survey of 
the various types of accelerometers 
available today and their character- 
istics when applied to high-perform- 
ance servos such as those found in 
inertial guidance. Includes an intro- 
duction to the theory of inertial guid- 
ance and a list of accelerometer manu- 
facturers and the types of units they 


make. (912) 


Inherent Motor Overheat Protection 
Moves inside the Field Coils, Novem- 
ber 1959, 8 pages. Two solutions to 
the problem of putting temperature 
sensors in the stator windings of in- 
duction motors are described, both 
involving thermistors. The Westing- 
house solution uses thermistors in a 
newly discovered positive-temperature- 
coefficient resistor mode. Cutler- 
Hammer's approach makes use of the 
well known negative temperature co- 
efficient of thermistors applied in a 
transistor circuit. (939) 


Motor-Blower Selection Factors. Novem- 
ber 1959, 6 pages. Performance char- 
acteristics and factors such as relative 
space and cost of the two principal 
forms of blower impeller are discussed. 
The economics and engineering aspects 
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of direct: motor drive are compared 
with belt drive tor blower as a guide 
tor selection (917) 


Core Factors in Magnetic Switch Per- 
formance, October 1959, 4 pages. In 
rectangular”-loop core materials for 
static switch applications, permeability 
Variation is a major and uncontrollable 
factor. Core test and switch design 
nethods for determining and compen- 
sating for magnetic variations are 
(932 


tttects of Temperature on Magnetic Core 
Materials, October 1959, 8 pages. Pri- 
1ary design data for most commer- 
ly significant magnetic alloy types 
for transformers, magnetic am- 
4yS, servomotors, etc. in 


Measurements 


saturahon magnet- 
tor L-Silectron 
15.5 Alfenoi, 
rmendur 70 
AEM 4750, 4-79 
SLO 


the Four-Bar Linkage as a Function 

Cenerator, October 59, 9 pages. 

\dvantages of the four-bar linkage as 

4 computing and control element are 

re t = j y yutlined, with examples of both graphic 
or a meter-reia d analytical methods of linkage de- 
942 


that works right 


Jetermination of Electrical Resistance of 
Metai Parts, September 3, 6 pages. 
all the time, every time a ceage Tei sr ornealreapoies phe 
istivity characteristics in metailic ma- 

la t Oo > used in design. 

«a ae try A. j - ne or culating totai resistiv- 

we g \lso presented is a 

lating total re- 

uw cross-sections of 
909 


wineered ooiing Cuts Equipment 
Suik, September 1959, 10 pages. The 
sentiai theory and ey design con- 
epts of heat-How engineering were 
stabiisned in the Basic Science articie 
Heat low Theory” ELECTRICAL 
LANUFACTURING, April |959—see aiso 
sastc Scrence Heprints page in this is- 
ue he present article, by the same 
ultNhor, rorects Nese rincipies nto 
pecilic inaiyocai lesign yrocedures 
or Cat exchangers or oolng and 
dding heat as desired in equipment 
nblie ures 13 


omt Factors in Stacked Magnetic-Core 
Jesign, September 1959, 8 pages. For 
rausrormer and other magnetic iamin- 
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her wects ip stacked ores are 


ASSEMBLY PRODUCTS, | enter 140) 


~ ' luervch: sai-\ i ri ° 
Creseteriand , 4, Ohio JFUC emucal apor OGUNE .ecn 
iques in Electronic Equipment, Au- 


niinuecs I we 





HERE’S WHY CENTRICORES ARE 
PROBABLY THE MOST CONSISTENTLY 
UNIFORM CORES YOU CAN BUY: 


The exceptional uniformity you get in tape-wound Centri- 
cores is not easy to come by. It’s the result of painstaking 
precision at every stage of the manufacturing process 
—and, in fact, before manufacturing. Three principal 
factors help produce Centricore uniformity: 


Careful classification of materials—Raw alloys are first 
“‘nedigreed’’—meticulously selected, then tested for some 
14 parameters, and classified by magnetic properties. 
We’re the largest buyer of nickel alloy magnetic materials 
in the world... which permits us to choose material 
for Centricores from an unusually wide distribution of 
magnetic properties. 


Special winding machines—We build our own machines, 
to die-making tolerances, for winding magnetic alloy tape 
into cores. We also build our own machines for applying 
insulating coating to the tape. These machines give us 
far greater uniformity in dimensions, insulation and ulti- 
mate performance of Centricores. 


i 


MAY 1960 


Closely-controlled annealing — Annealing—perhaps the 
most critical phase of the core-making process—is done 
under precisely regulated atmospheric and temperature 
stabilized conditions to hold Centricore magnetic perform- 
ance to uniformly high levels. 


Exceptional uniformity from core to core and lot to lot 
is further assured with Super Squaremu ‘79’, a new 
high-performance alloy we’ve developed. It has outstand- 
ing magnetic qualities and is remarkably uniform in 
squareness, thermal stability and gain. Super Squaremu 
“‘79”’ offers an effective solution to problems of variation 
in magnetic performance. 


WRITE FOR BULLETIN C-3 


SIZE MATERIAL THICKNESS 


HIGH NICKEL 


Hymu 80 
Squaremu 79 
Super Squaremu 79 


LOW NICKEL 
Squaremu 49 
Carpenter 49 


GRAIN-ORIENTED SILICON 
Crystaligned 
Microsil 


*Special sizes, shapes and thicknesses quoted on request. 


MAGNETIC METALS COMPANY 
Hayes Avenue at 21st Street, Camden 1, N.J. 


transformer laminations « motor laminations * tape-wound cores 
powdered molybdenum permalloy cores * electromagnetic shields 
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For a meter-relay 


that works right 


all the time, every time 
.. tyA. Ril. 


Never mind what the boys in the back room say, there are meter- 
relays that work. And work perfectly. A.P.I. meter-relays, to be 
specific. They've been tested through more than ten million 
make-break cycles without a single failure. And they're being 
used in some pretty critical applications—like monitoring nu- 


clear-reactor radiation. 


A.P.1.’s locking-coil design makes the difference. All meter- 
relays are essentially D’Arsonval meters with contacts, but only 
A.P.I. features the locking coil. Its what makes the contacts 
make and stay made until the circuit is intentionally interrupted. 
The locking-coil idea is a simple one, but it takes a little space 
to elaborate. Bulletin S-1 does the job neatly—in pictures. 
Curious? Send for a copy. 


ae 


api 


ASSEMBLY PRODUCTS, INC. 
Chesterland 14, Ohio 
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of direct motor drive are compared 
with belt drive for blower as a guide 
tor selection (917) 


Core Factors in Magnetic Switch Per- 


formance, October 1959, 4 pages. In 
“rectangular”-loop core materials for 
static switch applications, permeability 
variation is a major and uncontrollable 
factor. Core test and switch design 
methods for determining and compen- 
sating for magnetic variations are 
prese nted. (932) 


Effects of Temperature on Magnetic Core 


Materials, October 1959, 8 pages. Pri- 
mary design data for most commer- 
cially significant magnetic alloy types 
used for transformers, magnetic am- 
plifiers, relays, servomotors, etc. in 
military applications. Measurements 
include d-c magnetization curves, ini- 
tial and maximum permeabilities, plus 
a-c and d-c values of “squareness” 
ratio, remanence, saturation magneti- 
zation and coercivity for L-Silectron, 
Transformer-A, 11.7 and 15.5 Alfenol, 
3 Mo Thermenol, Supermendur, 7-70 
Perminvar, Orthonol, AEM 4750, 4-79 
Mo Permalloy. (910) 


The Four-Bar Linkage as a Function 


Generator, October 1959, 9 pages. 
Advantages of the four-bar linkage as 
a computing and control element are 
outlined, with examples of both graphic 
and analytical methods of linkage de- 
sign and evaluation. (942) 


Determination of Electrical Resistance of 


Metal Parts, September 1959, 6 pages. 
A tabular compilation of electrical re- 
sistivity characteristics in metallic ma- 
terials most likely to be used in design. 
Methods for calculating total resistiv- 
ity are given. Also presented is a 
nomogram for calculating total re- 
sistance of circular cross-sections of 


metals. (909) 


Engineered Cooling Cuts Equipment 


Bulk, September 1959, 10 pages. The 
essential theory and key design con- 
cepts of heat-flow engineering were 
established in the Basic Science article 
“Heat Flow Theory” (ELECTRICAL 
MANUFACTURING, April 1959—see also 
Basic Science Reprints page in this is- 
sue). The present article, by the same 
author, projects these principles into 
specific analytical design procedures 
for heat exchangers for cooling and 
adding heat as desired in equipment 
assemblies and enclosures. (913) 


Joint Factors in Stacked Magnetic-Core 


Design, September 1959, 8 pages. For 
transformer and other magnetic lamin- 
ated-core designers and for producers 
of electrical steel it is important that 
a separation be made between the 
properties of magnetic materials and 
the effects due to joints and other 
mechanical factors. Analytical meth- 
ods for segregating mater! from 
other effects in stacked cores are 
presented. (940) 


Fluorochemical-Vapor Cooling  Tech- 


niques in Electronic Equipment, Au- 
(Continued on page 335) 
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HERE’S WHY CENTRICORES ARE 
PROBABLY THE MOST CONSISTENTLY 
UNIFORM CORES YOU CAN BUY: 


The exceptional uniformity you get in tape-wound Centri- 
cores is not easy to come by. It’s the result of painstaking 
precision at every stage of the manufacturing process 
——and, in fact, before manufacturing. Three principal 
factors help produce Centricore uniformity: 


Careful classification of materials—Raw alloys are first 
“‘nedigreed’’—meticulously selected, then tested for some 
14 parameters, and classified by magnetic properties. 
We’re the largest buyer of nickel alloy magnetic materials 
in the world... which permits us to choose material 
for Centricores from an unusually wide distribution of 
magnetic properties. 


Special winding machines—We build our own machines, 
to die-making tolerances, for winding magnetic alloy tape 
into cores. We also build our own machines for applying 
insulating coating to the tape. These machines give us 
far greater uniformity in dimensions, insulation and ulti- 
mate performance of Centricores. 
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Closely-controlled annealing — Annealing—perhaps the 
most critical phase of the core-making process—is done 
under precisely regulated atmospheric and temperature 
stabilized conditions to hold Centricore magnetic perform- 
ance to uniformly high levels. 


Exceptional uniformity from core to core and lot to lot 
is further assured with Super Squaremu ‘79’, a new 
high-performance alloy we’ve developed. It has outstand- 
ing magnetic qualities and is remarkably uniform in 
squareness, thermal stability and gain. Super Squaremu 
“79” offers an effective solution to problems of variation 
in magnetic performance. 


WRITE FOR BULLETIN C-3 


1 


HIGH NICKEL 

Hymu 80 

Squaremu 79 

Super Squaremu 79 
LOW NICKEL 

Squaremu 49 

Carpenter 49 
GRAIN-ORIENTED SILICON 

Crystaligned 

Microsil 


*Special sizes, shapes and thicknesses quoted on request. 


MAGNETIC METALS COMPANY 
Hayes Avenve at 21st Street, Camden 1, N.J. 


transformer laminations + motor laminations + tape-wound cores 
powdered molybdenum permalloy cores + electromagnetic shields 
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Humidity doesn’t bother 


MALLORY VITREOUS ENAMEL RESISTORS 


See Mallory Controls Company for 


e Protected by multi-dip coating of moisture-imper- 
vious vitreous enamel. 


e@ High resistance to electrolysis through use of high 
purity materials and controlled manufacturing 
methods. 


e@ Conservatively rated to run cool and long at high 
ambient temperatures. 


Select Mallory fixed wire-wounds in ratings from 3 
to 240 watts... plus adjustable and multi-tap models 
to meet every requirement. Write or call for a 
consultation. 


J? 


wire-wound vitreous power rotary plugs 
controls resistors rheostats switches & jacks 


Mallory Controls Company, Frankfort, Indiana 
a division of 
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Get immediate delivery of 
MALLORY VITREOUS 
ENAMEL RESISTORS 
»..at factory prices... 


from these Mallory 


Industrial Distributors... 


Air Filters 


ATLANTA, GA. 
Specialty Distributors 


BOSTON, MASS. 


Cramer Electronics 


CINCINNATI, OHIO 
United Radio 


COLUMBUS, OHIO 
Whitehead Radio 


DAYTON, OHIO 
Allied Supply 


INDIANAPOLIS, IND. 


gust 1959, 5 pages. A study of fluoro- 
chemical vapors used as dielectric and 
heat-transfer material. Properties of 
these materials are discussed. Different 
types of cooling systems and special 
design parameters for use of fluoro- 
chemical vapors in electronic equip- 
ment are investigated and presented. 
Supporting data in the form of charts, 
tables and mathematical formulae are 
given. (918) 


for Electronic Equipment, 
August 1959, 4 pages. The selection 
and application of mechanical air filters 
for use in the cooling systems of 
electronic equipment, particularly as 
applied to military equipment. Various 
types (viscous impingement, electro- 
static and dry) are described and their 
characteristics are enumerated. (911) 


Relay Test Code Advanced, July 1959, 


10 pages. The gist of relay design 
and application discussions at the 
Seventh National Conference on Elec- 
tromagnetic Relays. Many of the 
technical papers and the reports of 
the NARM Relay Test Code com- 


mittees are summarized. (908) 


Pressure-Sensitive Electrical Tapes as 


Designed-In Components, June 1959, 
5 pages. A review of major types of 
pressure-sensitive electrical tapes, with 
emphasis on new tape materials and 
their effect on application problems. 
Areas of application are summarized 
and test methods listed. (903) 


Clad and Laminated Metals—Their De- 


sign Potentials, June 1959, 7 pages. 
Presented are examples of areas of 
application of combined metals. Com- 
binations by cladding and laminating 
give, for certain applications, a su- 
perior product which yields the best 
properties of each constituent metal. 
Treated in this article are the precious 
and rare metals, aluminum, steel, cop- 
per and molybdenum combinations. 
Illustrated by typical case histories 





GEARED 
MOTORS 


ALL 
KINDS OF 
MOTORS 


Shaded pole induc- 

tion, synchronous, re- 

versible induction, series universal, series re- 
versible, or D.C. shunt-wound motors. 


TORQUE 
FROM 

300 TO 
.41N. LBS. 


Merkle-Korff mo- 

tors have high 
starting torques equal to or exceeding full load 
torques. No stalling, since M-K motors can 
start any application they can drive. 


SPEEDS 
FROM 800 
TO 1RPM 
OR LESS 


With Merkie-Korff 

motors you have a 

complete choice of shaft speeds. You get “Cus- 
tom" motors designed to your specifications at 
mass production prices. 


MOUNTS 
TO FIT 
ANY NEED 


Here again Merkle- 

Korff provides what 
you need for a custom installation with ready 
engineered mounting facilities. Standard base, 
no base, ceiling mounted, right or left hand side 
wall mounting, vertical shafts—up or down. 
Right angle drives, multiple output shaft and 
electromechanical brakes are available to meet 
your special requirements. 


supported by graphs, charts and illus- 


Graham Electronics iediliaien, (907) 


LOS ANGELES, CALIF. 


Kierulff Electronics 


MILWAUKEE, WISC. 
Radio Parts 


NEW BRIGHTON, PA. 


Television Parts 


NEW YORK, N. Y. 
Harrison Radio 
Lafayette Radio 


PALO ALTO, CALIF. 
Zack Radio 


PASADENA, CALIF. 
Electronic Supply 


| MERKLE-KORFF GIVES YOU 
| THE POWER YOU WANT. Merkle- 
Korff provides a wide “a of speeds 
| and torques in the F. H. P. field. 
These motors are husky, compact, 
| long lived, and cost less per pound 


How to Specify Insulating Varnishes 
For Equipment Reliability, May 1959, 
6 pages. Major insulating varnish 
types are identified, their properties | and for the torque delivered. 
and application areas evaluated, and Merkle-Korff motors have these de- 
compatibility with other elements of | sign features: 
electrical systems analyzed. Emphasis | 1, Maximum starting torques to start 
is given to insulating varnishes as key | machines from any point in the duty 
components in designing insulation | cycle. 
systems for optimum equipment life | 2. M-K motors are smaller in size and 
and reliability. (930) occupy approximately one-half the 

space required by other designs of 

equal output. 

3. Precision, heat treated, hobbed 

gears sealed-in-oil. Dirt can’t get in, 

oil can’t get out. 

Investigate now. Our application en- 
| gineers will help you find the answer to 
| your F. H. P. drive problems—without 
charge. 


Progress in Micro-Module Development, 
March 1959, 8 pages. An ELECTRICAL 
MANUFACTURING Staff Report describ- 
ing significant accomplishments in the 
Signal Corps Micro-Module Program. 
Details of micro-element development 
are given and preliminary modules and 
modular assemblies are illustrated. 


(936) MERKLE-KORFF 
GEAR COMPANY 
Dept. No. 211 
213 N. Morgan Street 
Chicago 7, lilinois 
PHONE: MOnree 6-1900 


MERKLE—KORFF 


SPRINGFIELD, ILL. 


q Designin Optimum Inductors with 
Bruce Electronics —s P ' 


Ferrite-Biased Gaps, January 1959, 
14 pages. Barium ferrite permanent- 
magnet slabs in place of air gaps per- 
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mit up to 78 per cent volume reduction 


& 
of iron-cored inductors carrying asym- 
metrical currents. Analysis and syn- 
J : 2s sen thesis procedures for iron (Audio A) 


or ceramic (Ferramic H) cores with 
ferrite gaps, air gaps or no gaps— 
depending on which is optimum for 


- [ the specific case. (901) 
; [ | works better — Electronic Standards for Industrial 
%, 


Equipment, August 1958, 8 pages. In- 
ternal standards for the electronic por- 
tions of machine control systems, 


for you in Durakool Contactors —— Picrtionice Zommitios of Genmral Me 
tors Corp., are offered for general in- 


dustry use in conjunction with the 
JIC Standards for Industrial Equip- 


Timer Relays-Switches ment (see Reprint 924). (922) 


JIC Electrical Standards for Industrial 

; Equipment, June 1957, 24 pages. Re- 

All-Steel bodies with welded seals are rugged. vised specifications for the application 
of electrical apparatus to welders and 

Hypressure Hydrogen Gas, permanently sealed other industrial equipment, as adopt- 
ed by the Joint Industry Conference 
held in Detroit, March 1957. Single 
° . . reprints, no charge. Multiple quanti- 

contact resistance. They just keep working. sled eae bp Ghdianl oh es Baton 
prices: 5—$3.75; 10—$6.00; 25—$12.50: 

50—$20.00; 100—$30.00. Send check 

CONTACTORS with order payable to ELecrricat 

MANUFACTURING, 205 East 42 Street, 

Designed to handle heavy inrush currents. New York 17. (924) 


nT 
oo | UU 


inside, quenches arc, dissipates heat, insures low 


Silence is wonderful for studios and theaters. 


Enclosed contacts safest for explosive atmos- 


pheres. Up to 100 ampere continuous capacities. See also Basic Science reprints on 


page 340. 
1, 2 and 3 pole combinations. 


TIMER RELAYS 


Durakool engineered metering system designed 
Postcard return forms are provided 

to be tamper-proof and dependable. Single 
; at end of book as a convenience 

moving part assures trouble-free operation. 
a Bain to the reader in obtaining— 
| ies 1, 2 and 3 pole combinations. 
| 4 


Energized 
Coil 


ol 
De-energized New Components and Materials 
SWITCHES ne 
Additional data from the sup- 


Work in any position around diameter. 1 plier of any item reviewed. 


ampere sizes are mercury to metal design, 


over 1 ampere are mercury to mercury. Avail- ; : 
P Y Y Literature for the Design 


able uninsulated or insulated in any of a Engineer 
variety of materials. A copy of any manufacturer's 


publication reviewed. 


D iT] f a k iy 0 | ; Feature Article Reprints 


Single copies of selcted feature 
articles. 


Write for Elkhart, Indiana, Durakool, Inc., 1018 N. Main St. 


Bulletin No. D-73 
si alae Chicago, Illinois, Durakool, Inc., Rm. 528, 333 N. Michigan Ave. Advertised Products 


Sweet's Electrical Los Angeles 28, Calif., R. Meussdorffer & Asso., Suite 1, 3491 Cahuenga Blvd. 
Catalog— Montreal, Que., Canada, Measurement Engineering Ltd., P. 0. Box 1352, Sta. 0. 
Section 5b Newtonville, N. Y., Walter F. Haines, Apple Tree Lane uct or service described. 
B New York 70, N. Y., Durakool of New York, 4747 Bronx Blvd. 

ooth 1708 , : : 

Design Engineering San Francisco 3, Calif., Fisher Switches, Inc., 40 Gough St. 

Show Toronto 12, Ont., Canada, Measurement Engineering Ltd., 1969 Avenue Ra. 


More information on any prod- 


336 Circle 299 on Inauiry Card ELECTRICAL MANUFACTURING 





AVENUE TO THE 
RIGHT MOTOR... 


Four-pole permanent split cap- 
acitor motor for business ma- 
chines. Frame 2/2 squarex 1% 


Totally enclosed fan-cooled 27 
volt DC motor for pump drive. 
Frame 2x 1/2 


Ye Horsepower motor with 
two-stage fan, Underwriters’ 
labeled for explosion-proof 
vacuum cleaners. 


Rigid and detailed testing 
assure desired performance 


Thorough study by our engineering department of your product 
and its operating conditions enables us to design a Lamb® motor 


that will meet your exact requirements. 26 vets OG abi his ianiiiiee 


: p submerged in jet fuel for boost- 
After rigid and detailed testing, we then mass produce the motor er pump drive. Frame 4x 1¥2 


to obtain the most favorable cost. 


May we discuss these advantages of Lamb motors with you? 


——_— ? nb Elecliic 


YOUR COPY... cieaiaiaiiidel 
' ; SPECIAL 
8-page folder describes FRACTIONAL HORSEPOWER MOTORS 
these and other Lamb 
Electric motors. 


THE LAMB ELECTRIC COMPANY *¢ KENT, OHIO 


A Division of American Machine and Metals, Inc. 
In Canada: Lomb Electric — Division of Sangamo Company Ltd. — Leaside, Ontario 
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Lnenennenee 


FIRST HIGH SPEED GERMANIUM NPN 


TRANSISTOR - FOR HIGH SPEED 
COMPLEMENTARY SWITCHING 
HIGHER BETA, VOLTAGES AND 
HEAT DISSIPATION 


Typical Electrical Characteristics (25°C) Absolute Maximum Ratings (25°C) 


Forward Current Transfer Ratio Temperature Range 


ee Storage 1 65to | 85°C 
gop eg eee ) - Operating Junction —55 to +85 °C 
Base to Emitter Voltage 

(lc = 10 ma, Is 5 ma) 
Collector Saturation Voltage 

(l 10 ma, |; 5 ma) 4 Emitter to Base E 5 volts 
Collector Cutoff Frequency Collector to Base 20 volts 

(le 5 ma, Vc 1V) 
Collector Capacitance Collector Current 50 ma 

(Ie 5 ma, Vc 1V, f = 2 mc) 
Collector Cutoff Current 

(Veg 15V, kk 0) (*Derate 1.2 mw/°C) 
Emitter Cutoff Current 

(Vee 5V, Ic 0) 
Rise Time 

Storage Time 

Fall Time 


Voltage 
Collector to Emitter ( 15 volts 


Dissipation 75 mw 
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RELIABILITY BASED ON TWO YEARS TYPICAL COLLECTOR CUTOFF CURRENT (Tog 
OF MANUFACTURE VS JUNCTION TEMPERATURE (°C) 


Vop * !5V, Te*0 


° TYPE 2Ni289 
Based on the meltback technology from which 


have come a number of very reliable tran- 
sistors, the new 2N1289 is believed to be the 
first germanium NPN transistor to meet the 
needs of high-speed computers. Thorough 
characterization provides all the necessary 
data for “worst case” designs. 

The 2N1289 features a typical alpha cutoff 
frequency of 60 me, and a 10 ma beta of 150. 
Voltage ratings are high. Emitter cutoff cur- 
rent and collector cutoff current are measured 
at 5 and 15 volts, respectively. Also, the tran- 
sistor provides a high-gain bandwidth product 
which is virtually independent of operating 
point. 


Icgo — MICROAMPERES -yua 


High voltages, together with a constant-gain 
bandwidth product, allow the 2N1289 to be 
used in a wide variety of complementary 
switching circuits with just about any PNP 
high-speed transistor. This device performs 
best out of saturation. 

Backing up the 2N1289 is more than two 
years of manufacturing experience with melt- 
back transistors. Over 100,000 of these tran- 
sistors have been tested to severe mechanical 
and electrical standards. The survival rate has 
averaged greater than 99 percent. 

Your G-E Semiconductor Sales Representa- 


tive has complete details on the 2N1289. Call pre 
TYPE 2Ni269 


a : . GERMANINUM NPN 
acteristics that make this device perform SWITCHING os 


him to get all the facts on performance char- 


capably and reliably in high-speed computer 
circuits. Semiconductor Products Dept., 
Electronics Park, Syracuse, N. Y. In Canada: 
Canadian General Electric Company, 189 
Dufferin St., Toronto, Ont. Export: Interna- 
tional General Electric Co., 150 E. 42 St., 
New York 17, N. Y. 

See your G-E Semiconductor Distributor for 


as ali , » lo Ww 1c -S, 
fast delivery at factory-low prices vihomnan 


GENERAL @@ ELECTRIC 
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BASIC SCIENCE Reprints 


PA RN RENE SE TNE KEARSE SESSION SIME 


Reprints of special Basic Science and 
Engineering inserts or of compendi- 
ums into which are combined several 
separate articles on the same or related 
subjects are available at the nominal 
prices indicated in each listing. For 
ordering convenience, use the handy 
Order Form below. Orders must be 
accompanied by remittance (either in 
cash or check). Please add 3% City 
Sales Tax on orders for New York City 


delivery. Make checks payable to 
ELECTRICAL MANUFACTURING. 

Since handling expenses are a signifi- 
cant cost element in the distribution of 
the reprints, grouping of orders makes 
possible substantial savings in cost per 
copy. For single shipments to one ad- 
dress, the following prices (which in- 
clude shipping charges) per copy ap- 
ply. Prices for larger quantities are 
available on request. 


Please enclose remittance 
(cash or check) with your order. 


Price 


Ring Binder for Science & Engineering Reprints 


Thermoelectric Effects 
Network Analysis 
Determinants and Matrices 


Sampled-Data Systems 


The Electric Field 


Heat Flow Theory 


Slide Rule Mathematics 


Total Copies 


Introduction to Molecular Engineering 
Logic—and Switching Circuits 


Infrared—Fundamentals and Techniques 


Automatic Control System Design 
Low-Noise, Solid-State Microwave Amplifiers 
Digital Methods in Measurement and Control 


Fundamental Properties of Plastics 


Fundamental Nature of Shock and Vibratio 
Key to Metals in Design Engineering 


Fundamentals of Ferromagnetism 
Using Fourier Analysis in Design ‘ 
Engineering Applications of Boolean Algebr 
Five-Year Annotated Editorial Index 


ATT TTE ETE 


Casting Resins and Application Techniques 


TO: ELECTRICAL MANUFACTURING, 205 East 42 St., New York 17, N. Y. 


COMPANY 


ADDRESS 


CITY .. 


TITLE 


. ZONE 


(Add 3% City Sales Tax for New York City delivery.) 


Thermoelectric Effects 


wt 


Reprint Title 


to 


Molecular Engineering 
Logic 
Infrared 


Wow Vcr 


Network Analysis 
Determinants and Matrices 
Sampled-Data Systems 
Microwave Amplifiers 
Digital Methods 
Properties of Plastics 

The Electric Field 

Shock and Vibration 

Key to Metals 

Heat Flow Theory 
Ferromagnetism 

Fourier Analysis 
Automatic Control Systems 
Boolean Algebra 

Slide Rule Mathematics 
Casting Resins 


Ring Binder for Science & Engineering 
Reprints. Readers who want to keep 
their reprint copies of the monthly 
Science and Engineering feature both 
safe and handy will want this maroon- 
colored binder made of flexible, Mo- 
rocco-grained leatherette stamped in 
gold. The standard 1%-in. rings will 
accommodate about twenty S & E re- 
prints. $2.50 


Introduction to Molecular Engineering, 
May 1960, 20 pages. An examination 
of the concept, principles and tech- 
niques of molecular engineering in 
terms of its ultimate use in the design 
of equipment and systems. Part I de- 
fines molecular engineering as the ap- 
plication of molecular behavior to the 
design of materials and devices of 
prescribed characteristics. The defini- 
tions are supported by brief examples. 
The various approaches to molecular 
engineering are examined. Consid- 
erations such as purity and form of 
materials are discussed. Part II ex- 
amines the elements of the classical 
macroscopic approach to the behavior 
of materials as well as the micro- 
scopic or molecular approach. Part 
III provides extended examples of 
molecular engineering in the areas of 
electrical insulation, microwave am- 
plifiers, thin-film devices and micro- 
miniature electronics function blocks. 
Tables, charts, literature references, 


and = glossary. $1.00 


Logic —and Switching Circuits, April 
1960, 36 pages. The fundamental 
principles of logical reasoning, con- 
tained in Aristotle’s syllogism, dev- 
eloped into the Boolean algebra and 
the logistics of the Principia Mathe- 
matica, and applied in circuit design 
and computer programming, are devel 
oped. The basic postulates are tabu- 
lated in their verbal, algebraic, 
diagrammatic, and _circuit-schematic 
form. Modern logic is presented as a 
powerful tool for the engineer who 
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Franklin sieves Motow 


ENCOURAGE PRODUCT DESIGN IMPROVEMENT 


Control switch in “E” position . . 
rotation is clockwise. Inst-O-Verse 
makes contact in “D” position due to 
shaft rotation. Motor operates as 
capacitor start, induction run with “B” 
as start winding. 


Instant reversal occurs when control 
switch is thrown to “F” position as the 
Inst-O-Verse device has provided a 
circuit, bypassing the open centrifugal 
switch. 


Operates in either direction as capa- 
citor-start motor or instantly reversing 
motor. Operation is independent of 
sequence of rotational operation. 


MAY 1960 


@ Standard INST-O-VERSE® Motors 


Full-torque, instant-reversing motors available in 1-phase, 1725 RPM, 115 or 
230 V., 1/6 H.P. through 1 H.P., sleeve or ball bearing types with NEMA 
standard or application-engineered mountings. Cost is less than 3-phase 
reversing motors. 


@ Instant-reversing GEARMOTOR power units 


Built to specifications with epicyclic, worm, bevel or other gears. Ratios to 
requirements. Automatic or manual controlled . . . on-off, forward-reverse 
operation of one or more output shafts. 


@ GEAR-O-MATIC® power package for automation 


Includes all functional benefits of any signal transducing system to energize 
stop-go, and instant-reversing of geared power unit. Limit switches, auto- 
matic safety stop and indicator outlet are built into control box. 


@ Special MULTI-SHAFT system 


Franklineered to customer requirements, push-button controls moni- 
tor selective actions of 3 output shafts. Designed for dependable 
performance and long life for applications requiring high reliability. 


PATENT- 
PROTECTED 
INST-O-VERSE 


DEVICE Centrifhe 


Switch 


Position “C” 


INST-O-VERSE 
INSTANTLY 
UTILIZES 

FULL TORQUE 


FOR REVERSING 
D.P.D.T. 
Control Switch 


Position. “F” 
Write for FACTS about: 


|_| INST-O-vERSE MOTOR [_] Gear-o-maTic MOTORS 
[] Gearmotors [~] MULTI-SHAFT SYSTEM 


Franklin Electric C's. Inc e BLUFFTON, INDIANA 
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PER-GRAPHIT 


cop E 
SILVER-NICKEL ; 
SILVER-MOLYBDENUM 


SILVER-GRAPHITE 


SILVER-TUNGSTEN 


also Siiver-Lead Oxide; Cop- 
per-Molybdenum Gold 
Graphite, Silver-Copper 
Graphite; Silver-lron Oxide ELECTRICAL 
and many special types CONTACTS 


(Above photomicrographs show 
typical contact cross sections 
at magnifications of from 100 
to 500 times.) 


here’s helpful selection and use data on 


THE CREAM OF OVER 
1500 CONTACT GRADES 


Just off press, this 56-page Stackpole Booklet 12-A is a practical guide to 
composition contact grades, possibilities, properties, uses, shapes, sizes . . . 
even contact attachment methods. 

By molding contacts from two or more metal or carbon-graphite powders, 
Stackpole Custom Engineering obtains a maximum of the advantages of 
each material and minimizes its disadvantages. The result is a greater overall 
efficiency than is generally possible with a single solid metal or alloy. Many 
of the most desirable contact metals cannot, of course, be alloyed satisfac- 
torily but they can be made from powders in almost any desired proportion 


Composition contact engineering under exclusive Stackpole processes is 
characterized by its extreme flexibility in obtaining exact needed properties. 
This is best evidenced by the fact that over 1500 different grades representing 
different metallurgical mixtures have been produced for specific applications. 

In various instances, their advantages permitted increased equipment rat- 
ings. In others, they paved the way to smaller, less costly equipment. Often, 
they simply combined long, trouble free operation with maximum economy. 

This Booklet by no means attempts to present composition contacts as a 
universal answer to all problems. However, for design and production 
engineers who appreciate the basic logic behind them and who recognize 
that conventional contact types often leave something to be desired, it will 
provide a wealth of helpful information and guidance. 

A copy may be obtained on letterhead request (ask for Booklet 12-A) to: 
STACKPOLE CARBON COMPANY, St. Marys, Pennsylvania. 


CUSTOM ENGINEERED CONTACTS 


Also: BRUSHES for all rotating electrical equipment; GRAPHITE CHEMICAL ANODES 
BEARINGS ¢ SEAL & CLUTCH RINGS @ VOLTAGE REGULATOR DISCS e FRICTION SEGMENTS 
CERAMIC MAGNETS ... and many other carbon, graphite and metal powder products. 
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must find the optimum out of many 
possible solutions to a problem for 
which there is no unique, neatly 
labelled true-or-false answer. The 
article deals with methods applied 
to solve the problems of circuit syn- 
thesis, the principles of circuit design, 
and the fundamental ideas which can 
be applied to the design of the most 
complex circuitry. The — principles 
underlying the design and use of 
computing machines are given. $1.00 


Infrared—Fundamentals and Techniques, 


March 1960, 28 pages plus cover. A 
comprehensive introduction to the the- 
ory of one of the most rapidly growing 
fields in engineering. Basic principles 
of radiation and detection (including 
Wien’s Law, Rayleigh-Jeans Law) are 
derived and explained. Effect of infra- 
red on metals, ionic crystals, and semi- 
conductors is described with regard to 
the use of these materials in infrared 
systems and devices. Various types of 
sources, windows, prisms, detectors, 
and spectrographs are discussed quali- 
tatively. Also includes theory of use of 
infrared in practical applications such 
as thermal mapping, missile tracking, 
chemical analysis, etc. $1.00 


Thermoelectric Effects, February 1960, 


16 pages plus cover. Basic theories as 
developed by Seebeck, Peltier and 
Thompson (Kelvin) are brought up to 
date in the light of new semiconductor 
thermopile compounds. Thermoelec- 
tricity is discussed from free-electron 
and thermodynamic points of view. 
Four basic applications of thermoelec- 
tric phenomena are considered: power 
generation, heating, cooling, and tem- 
perature sensing. Author Robert P. 
Benedict, of Westinghouse Electric 
Corp., is an authority on thermo- 


couples. $1.00 


Network Analysis, January 1960, 28 


pages plus cover. With preliminary 
concentrated treatment of elementary 
concepts of circuit analysis, the author 
presents a discussion of present-day 
practices in network engineering and 
their theoretical background. Network 
theory as a coherent and unified study 
is stressed, as contrasted with the 
less powerful and less useful traditional 
approach to circuits which involved 
isolated and unrelated “methods” of 
analysis. $1.00 


Determinants and Matrices, Decembe1 


1959, 20 pages plus cover. The elec- 
trical network is used as the primary 
example of the engineering problem 
in which analysis leads to mathematical 
systems of equations that readily be- 
come so numerous and involved as to 
require an objectionable amount of 
time for manipulation. The principles 
treated in this article apply to all prob- 
lems involving numerous mathematical 
statements. Included are specific rules 
for the use of determinants for solving 
systems of simultaneous equations, in- 
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FILTERS tt 


HERMETICALLY SEALED TO MIL-T-27A & MIL-F-18327 SPECS. 


MINIFILTERS 
New Minifilters provide almost the same char- 
acteristics (with attenuation only slightly less) 
as the industry's standard interstage and line 
oan immediately below. 

band pass units are 10K input, output to 
yi se Attenuation is coneeny 


from center frequency, then 
HPA high hgh sos waite; tobe ol tebe then 6 @ ‘ anasaniiaaaaitai a 

7 cat x egenan stonunton st So S : i | STANDARD STOCK FREQUENCIES 

uency. Input and output 10K. S. a § (number in figure is cycles) 

tS low pass units; loss of less than 6 db at ; ries | One tae 

cut-off frequency; ‘attenuation of 30 db at ; : 

1.5 cut-off frequency, 40 db at 1.65 cut-off 

frequency. Input output 10K. 
ma INTERSTAGE & LINE 

These six basic types cover most popular 

filter applications and frequencies. 

BMI band pass units are 10K input, output to 

rid; 2:1 gain. Attenuation is cree 

db at 3% from center frequency, then 


db per octave. 

HMI high pass units are 10K in and out. At- 
tenuation is less than 6 db at cut-off fre- 
quency and 35 db at .67 cut-off ee: 
LMI low pass units are 10K in and out. At 
tenuation is less than 6 db at cut-off fre- 
quency and 35 db at 1.5 cut-off frequency. 


HML high pass filters ~ same as HMI but : 0 

500/600" ohms in and out fet Se 306, 0b, Too, Tabd, 2000, Base 1%, x 1K," 
LML low pass filters are ‘same as LMI but U Ti u HLT wud, 1000 4000, Height, Bidi, Lidl, BML’. aee> 
500/600 ohms in and out. fa LI Height HMI. WML, LM; 24" 
BML band pass units are same as BMI but iis ale 2500, 4000, 8000, 02. and 9 2.. 
500/600 ohms input, output to grid, 9:1 gain. 


TELEMETERING BAND PASS 

UTC standard tel tering filt id . 

al miniaturization with maximum stabi, NY WV YY NVM Wh) ¥} HH 
let t It t i ] 

inches, They are “TOOK in and out and have an ; LAN t MIA AL AAA 


insertion loss of less than 6 db, 4 pin header [- Ty nT TAL H}} ik WYN 

for small Winchester socket. * 

TMN units are within 3 db at + 7.5% of UAT 

center frequency . . . down more than 18 db 2 ee Oe ee wet io eee 

at + 25% ... more than 40 db beyond 1.75 STANDARD STOCK FREQUENCIES 

and .58 center frequency. (number in figure is KC) 

TMW are within 3 db at + 15% of center 

we Sats _ ee ae # =A d ware ees 
% ... more than eyond 2.5 an ’ TMN-3. TMN-52 

4 center frequency. : F bamaista 


TELEGRAPH TONE CHANNEL 


These band pass filters for multiplex trans- 
mitting and ota provide maximum = 


ih 
by miniature zs, Both rcaving ands “| ian i CS) 
snd ly tania Rede fo i-nine HAAN |) COAT 
Tet transmitting filters are within 3 db at + { II] } Ds [DXK) BON NN } LUV] YM | 
42.5 cycles from center frequency . . . down 


more than 16 db at + 170 cycles... down TRANSMITTING STANDARD STOCK RECEIVING 


channel FREQUENCIES 
_ — 7.5 db at adjacent cross- TeT-425 | T6T-1785 (number in figure TGR Ter. se 


filters are within 3 db at + TGT-765 ; is cycles) 
en rom center frequency . . . down TGT-935 1-2: 
more 30 db at + 170 cycles. . . down : 


pease | wee TOT CASE Ten CASE 
: : : TeR. IYXIKK2K" 14X1K KK" 
ae eo “ TGT-1615 | T6T-2975 TGR-1615 2975 Waiaht8 0b ' Woignt 8. 


UNITED TRANSFORMER CORP. 


Varick Street, New York 13, 0. 


acme we, or0N 4008 W. JEFFERSON BLVD., LOS ee |S Se 
EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y. “ARLAB” 
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; , luding refinements of the basic pro- 
Practical solutions to many aren ager er oa 
tems, and the underlying principles of 

matrix algebra with examples to dem 


>? onstré k ime- d -saving 
of today’s complex control Tate tees 


mathematical shorthand. $1.00 


problems aa ultra-sensitive Sampled-Data Systems, November 1959 


20 pages plus cover. An introduction 

to the analysis of closed-loop control 

systems in which the input or error 
d-c polarized relays by signal is periodically sampled (rather 
than continuously connected) as by 

a sampling switch, analog-digital con- 

verter, digital computer, etc. Presents 

Barber- Colman a eal impulse-response, frequency-response, 
p-transform and z-transform methods. 

Show how to plot Nyquist, Bode and 

root locus diagrams with z transforms. 

Written by Carl O. Carlson of the Na- 

tional Cash Register Co., whose con- 

tributions to the art include: the use 

of the normalized sT plane for ana- 

lyzing sampling adequacy, “pseudo- 

sampling” for determining between- 

sample response and the use of the 

z transform for table-generating func- 

tion. The last is presented for the first 

time in this article. $1.00 


Low-Noise, Solid-State Microwave Am- 

plifiers, October 1959, 16 pages plus 

RUGGED CONSTRUCTION— cover. An engineer-oriented examina- 
eA A el tion of the basic quantum mechanical 
De ST eal ee et ual ak principles underlying the operation of 
other than contact gap. : paramagnetic MASER amplifiers (in- 
e : cluding ammonia gas, two-level solid 

is ie OER ae re aes state, three-level solid state and opti- 
grt eae cally pumped devices) and parametric 

MAVAR amplifiers (both semiconduc- 
. tor and ferromagnetic types) plus a 
AAR aE oS brief introduction to the tunnel-diode 
. amplifier. Written by R. D. Haun, Jr., 

and T. A. Osial of the Westinghouse 

Research Labs. $1.00 


no armature pivots or bearings 
to wear out. Large, heavy-duty 


THE MARK OF QUALITY Digital Methods in Measurement and 


Control, September 1959, 20 pages 
Barber-Colman Micropositioner d-c po- plus cover. This review of digital tech- 


BARBER larized relays are capable of operating niques covers: (1) characteristics and 
advantages of the digital, or numerical 


COLMAN on input power as low as 40 microwatts. | approach; (2) basic principles of 

Ideal for many aircraft and industrial | coding, sampling and quantizing; (3) 

control problems. digital components and techniques for 

| logic and information storage, includ- 

POLARIZED RELAYS — Available in | ing flip-flops, AND, OR, NOT, NOR Cir- 

three types of adjustment: null seeking cuits, comparators, memory devices 

OFTEN SIMPLIFY ELECTRONIC . . magnetic latching “memory” . . . and relative characteristics of cores 
AMPLIFIERS...REPLACE SEVERAL TUBES tubes, transistors and relays; (4) digital 
measurement devices, including pulse 
generators, counters, voltage converters, 
proximity pickups and position trans 
ducers; (5) digital control actuators. 
to greatly reduce input power needed to Written by Michael H. Nothman, Gil- 
operate contacts. fillan Bros., Inc., Los Angeles. $1.00 


and form C break-make transfer. 


VOLTAGE OR CURRENT SENSITIVE ALSO TRANSISTORIZED TYPES of | 


above relays with built-in preamplifier | 


RAPID RESPONSE 


SMALL PULL-IN, DROP-OUT 


DIFFERENTIAL WRITE FOR NEW QUICK REFERENCE FILE ; ‘ 
on the complete line of Barber-Colman electrical The Fundamental Properties of Plastics, 


ANTI-BOUNCE CONTACTS OPTIONAL components. Includes detailed specifications on | August 1959, 16 pages plus cover. The 

fundamental science of polymeric ma- 
terials is related to design engineering 
properties of plastics. Discussion covers: 
the molecular formation of polymers; 
the chemistry of addition polymers; the 


B ARBER- C OLMAN C OMPANY ) chemistry of condensation polymers; 
Dept. E, 1803 Rock Street, Rockford, Illinois the theoretical basis for mechanical, 


a-c and d-c motors, tach generators, blowers, gear 
heads, relays 


| 
} 
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electrical and chemical properties of 
polymers. Bibliography and_ glossary 
provided. Written by Thomas D. Cal- 
linan, Research Center, International 
Business Machines Corporation, and 
Alex. E. Javitz, Special Features Editor, 
ELECTRICAL MANUFACTURING. $1.00 


The Electric Field (an Electrical Applied 
Physics Monograph), July 1959, 12 
pages plus cover. Contents include dis- 
cussions of the following: Electro- 
statics; Electric Fields in Free Space; 
Electric Induction; Capacitance; Me- 
chanical Considerations; Field Effects 
in Devices. Written by Paul G. Jacobs, 
Associate Editor, EtecrricAL MANvu- 


FACTURING. $1.00 


The Fundamental Nature of Shock and 
Vibration: Theory, Character, and 
Mechanism of Damage, Principles of 
Testing, June 1959, 20 pages plus 
cover. The nature of shock and vibra- 
tion is given in terms of classical 
physics and mechanics. The major 
types of vibration are discussed 
(periodic, random, structural and _ air- 
borne); also the major types of shock 
(velocity, simple impulse, single com- 
plex and multiple). Combined en 
vironments are also treated. A section 
is devoted to the effects of shock and 
vibration on missile electronic com- 
ponents. Types of damage are tabu- 
lated and analyzed; principles of 
testing are given; specifications are 
summarized. Glossary and Bibliogra- 
phy included. Author is Dr. Irwin 
Vigness, Head, Shock and Vibration 
Branch, Mechanics Division, U. S. 
Naval Research Laboratory. $1.00 


Key to Metals in Design Engincering, 
May 1959, 24 pages. Basic principles 
of metallurgy are presented and struc- 
tural characteristics of metals related 
to design concepts. Physical and me- 
chanical properties of metals defined. 
The nature and specifications of metals 
are detailed for better understanding 
of current literature. The effects 
of environment and mechanisms of 
damage are illustrated. Iron and steel, 
alloys of aluminum, precious and rare 
metals, copper, nickel and magnesium 
are presented in their basic design re- 
lationships to fundamental properties. 
Written by S. H. Avner, N.Y.C. Com- 
munity College, and Harold E. Barkan, 
Associate Editor, ELecrricaL MANvu- 
FACTURING. $1.00 


Heat Flow Theory, April 1959, 20 pages. 
A concise review of the major ana- 
lytical techniques developed over the 
years to solve heat flow problems. 
Basic equations for conduction, con- 
vection and radiation are derived. 
Dimensional analysis is used to estab- 
lish the parameters and the various 
“numbers” (Reynolds, Prandtl, Nusselt, 
Graetz, etc.) involved in convection 
expressions. Empirical equations are 
solved using simulated experimental 
data. Examples are chosen from elec- 


MAY 1960 


Barber-Colman Type B 


precision-made, low-cost small 
motors (up to 1/150 hp) for 


appliances, vending machines, 


projectors, fans, office machines 


' 


THE MARK OF QUALITY 


BARBER 
RE 


LOW NOISE LEVEL 
LONG-LIFE ALIGNABLE BEARINGS 


LARGE OIL RESERVOIRS... 
AUXILIARY OIL CUPS AVAILABLE 
TO QUADRUPLE CAPACITY 


VARIETY OF MOUNTING ARRANGEMENTS 
STACK THICKNESSES: 9/16” and 15/16” 
SHAFT DIAMETERS: 1/8” and 5/32” 


INTERMEDIATE MAXIMUM) 


a-c small motors 


Ideal for driving fans, blowers, and gear 
trains, this high-quality motor is built to 
give long, trouble-free service. You'll 
find it an outstanding general-purpose 
motor featuring small physical size com- 
bined with high starting torque. And the 
price is right .. . to bring extra economies 
. as well as an extra 
Next time 
you need a motor in this size and power 
range, look at this one carefully . . 
it will pay you well. 


WRITE FOR NEW QUICK REFERENCE FILE 


on the complete line of Barber-Colman a-c small 


to your product. . 
measure of dependability. 


motors: unidirectional, reversible, synchronous. 
Up to 1/20 hp. With or without reduction gearing 

. Open or enclosed types. Stator and rotor sets 
also available. Free engineering service. 


BARBER-COLMAN COMPANY 
Dept. E, 1203 Rock Street, Rockford, Illinois 
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# 
FOR YOUR ELECTRICAL EQUIPMENT! 


Buffalo Breeze-Air Propeller Fans mounted at base of this transformer provide up-blast 
cooling of all surfaces continuously. These efficient cooling packages take little space, 
are built to last the life of the equipment and are available in 12” to 120” sizes. 
Where equipment is enclosed, installation can be at the side or other convenient entry 
for cooling air. 

If desirable to deliver air by duct, there's a Buffalo Centrifugal Fan in just the right size, 
model and arrangement to provide adequate cooling with minimum space requirements 
Where extreme high efficiency is desired, in direct-connected or in-duct installation in an 
absolute minimum of space — your best choice is a Buffalo Axial Flow Fan 

Since no one fan is the solution to all problems, Buffalo builds all types. and builds 
quality into every one — for a lifetime of low-cost air service. 

Write our Engineering Department about your equipment cooling 

problem, or contact your local Buffalo Engineering Representative 

for suggestions and information as to the best answer. 


BUFFALO FORGE COMPANY 


Buffalo, New York 
Buffalo Pumps Div.. Buffalo, N.Y. ¢ Canadian Blower & Forge Co., Ltd.. Kitchener, Ont 
Ventilating + Air Cleaning + Air Tempering + induced Draft + Exhausting « Forced Draft » Cooling * Heating » Pressure Blowing 
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NEW 


sub-fractional h.p. 


WORM DRIVE 


GEAR MOTOR 


TYPE WGM 


-_——oo 


_ 


—-_ al Be) 


Z exceptionally 
efficient / 


low cost\ QUIET 


a operation 
hie ih 


_~—— 


A two-pole, shaded pole AC induction motor with totally enclosed die 
cast gear-reducer. Available for 6 to 220 volts, 50 or 60 cycle AC. Gear- 
reducer speeds, '2 to 300 rpm. Output torque up to 50 inch Ibs. at 2 rpm, 
Precision worm drive. Output shafts, *6”, 14", °i6”, %«”. Mounts in any 
position. Ideal for motorized office equipment, revolving displays, vend 
ing machines, remote TV tuning, etc. Optional: solenoid brake for fast 
stopping; overload thermal protection; varnish impregnated stator, stain- 
less steel or plated shafts. 


We custom-design motors up to 1/40 h.p.; 6 to 220 v., 50 or 60 cycle; 
» to 800 rpm.; torque up to 200 inch Ibs. Special gear-reducers designed 
to your requirements at low cost. Send for details 


m_ Molou Motor & Coil Corp. 


3737 Industrial Avenue © Rolling Meadows, Illinois 
Custom Designers and Manufacturers of Sub Fractional Horsepower Motors and Gear-Reducers 
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trical and electronic (transistor) appli- 
cations. Written by Allan D. Kraus, 
an electromechanical engineer at 
Sperry Gyroscope Company. $1.00 


Fundamentals of Ferromagnetism, Marchi 


1959, 32 pages. A new approach to 
the study of magnetism, derived from 
modern solid-state physics. Explains 
magnetic behavior and properties of 
magnetic materials in terms of fun- 
damental electron interactions. In- 
cludes: Origins of Ferromagnetism; 
Internal Structure of Ferromagnetic 
Materials; Magnetization Curves: Tim« 
Effects in Soft Materials; Effects of 
Atomic Ordering in Alloys; Interac- 
tions for Heterogeneous Systems; Mag- 
netic Materials of the Present and Fu- 
ture. Written by Anthony Arrott and 
J. E. Goldman of The Scientific Lab- 
oratory, Ford Motor Co. $1.00 


Using Fourier Analysis in Design, Feb 


ruary 1959, 16 pages. In system and 
subsystem design, Fourier analysis per- 
mits the design engineer to design or 
select devices for a particular transient 
performance solely on the basis of thei: 
steady-state sinusoidal performance 
A thorough theoretical background on 
Fourier analysis is presented plus a 
discussion of the areas of application 
with specific examples to point up par- 
ticular problems often encountered 
Written by Ira Ritow, Airborne Instru 
ments Laboratory, $1.00 


COMPENDIUMS 


Automatic Control System Design, 64 


pages plus cover. A practical textbook 
complete as to theoretical detail, on 
the design of servomechanisms. In the 
process of describing design by trans- 
fer function, system equation, and root 
locus methods, techniques of analysis 
such as Bode diagrams, Routh’s cri- 
terion, and Nyquist plots are also pres 
ented. Includes background material 
on complex variables and Laplace 
transforms, bibliography for further 
study. Originally published in Exec- 
TRICAL MANUFACTURING as a series of 
six articles. Includes: Control System 
Representations, December 1959 issue, 
a two-page chart showing seven basic 
control-system element classifications 
and their various common representa- 
tions, including transfer functions. 
equivalent analog computer circuits 
Bode diagrams, Nyquist diagrams, and 
time constants. Written by Ira Ritow. 
Airborne Instruments Laboratory. $3.00 


“ngineering Applications of Boolean Al- 


gebra, 68 pages. A design guide to the 
analysis and synthesis of switching 
circuits and logic systems—both com- 
binational and sequential—in any me- 
dium: mechanical, electrical, hydrau- 
lic, electronic or solid state. Includes 
five previously published articles plus 
a never-before-published appendix 
Written by Boris Beizer, Airborne In- 
struments Laboratory, and Stephen W. 
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Duty Master A-c. Motors, Master Gearmotors, Reeves Drives, V*S Drives, Super ‘T’ D-c. Motors, Generators, Controls and Engineered Drive Systems. 


MAY 1900 


Both of these control units are rated at 50 horsepower! Actually, 
the new, small Super ‘T’ V*S cabinet packs more punch! 


IKE the Reliance Super ‘T’ Drive Motor, 
new V*S power units utilize Class B 
insulation, permitting a more compact unit. 
100°% overloads of one minute duration are 
accomplished without failure! Advanced 
design of ventilation keeps control and 
power units cooler . . . another reason why 
smaller size is possible. And service life is 
substantially extended. 


Matched system design of drive motor, 


Product of the combined 
resources of 
Reliance Electric and 
Engineering Company and its 
Master and Reeves Divisions 


power unit and controls produces a highly 
efficient, integrated drive—to give you a 
wide range of stepless, variable operating 
speeds from a-c. circuits. 


Super ‘T’ V*S Drives are available for im- 
mediate delivery. Check your Reliance sales- 
man for delivery schedules on the full line, 
1—350 hp., Bulletin Number D-2506, has 
been prepared to give you complete in- 
formation. Write for it. D-1641 


ELECTRIC AND 
ENGINEERING CO. 


DEPT. 275A, CLEVELAND 17, OHIO 
Canadian Division: Toronto, Ontario 
Sales Offices and Distributors in Principal Cities 


See Reliance in booth 2023, Design Engineering Show, New York Coliseum, May 23-26. 
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Leibholz, Republic Aviation Corpora- 
tion. $2.00 


All tT aliSWers BS Slide Rule Mathematics, 20 pages, plus 


4 practice slide rules printed separate- 

HT ower . ly. A practical guide to the under- 
' standing of the slide rule and its ap- 
: plication to engineering problems, this 
combined reprint traces the logical de- 

velopment of the slide rule’s funda- 

mentals and complete concise instruc- 

tions for its use, Major topics include: 

The Basic Slide Rule; Variations on 

Basic C-D Operation; Trigonometry: 

The Log-Log Scales; Vector Dia- 

grams; Hyperbolic Functions; Phasor 

Calculations; The Circular Slide Rule. 

Written by Ira Ritow, whose previous- 

ly published work in ELectrica. 
MANUFACTURING includes “Capsule 

Calculus.” $1.00 


Five-Year Annotated Editorial Index to 
Electrical Manufacturing, 60 pages. A 
short-cut to research for design en- 
gineers. Book lists, by functional sub- 
ject classification and with succinct 
annotations, every feature article and 
major “Design Trends” short article 
published in ExectricAL MANUFAC- 
TURING during the 5-year period from 
1951-1955. $1.50 


Casting Resins and Application Tech- 
niques, 52 pages. Eight previously 
published articles dealing with the 
embedment, encapsulation, and im- 
pregnation of circuit units and 
components. Individual articles cover: 
property data on casting resins; eval- 
uation tests on resin systems; results of 
environmental tests on embedded 
units; process control problems. An- 


notated bibliography of articles is in- 
/ y cluded. $2.00 
CW. [evectare/ 


catalog no. 5.5 9 Postcard return forms are provided 


at end of book as a convenience 
to the reader in obtaining 
48 Pages of helpful engineering information! Here’s the biggest, 
most complete, most comprehensive catalog of power supply cords ever 
published . . . designed especially to help you select cord sets with the Additional data from the supplier 
right wire, the right attachments, the right color, and the right styling for af 
the electrical or electronic equipment you manufacture. Easy, Cross-Ref- 
erenced Index helps you put your finger immediately on the correct wire 
for the job . . . plus the caps, connectors, and strain reliefs you need from 
Royal’s large collection of stock molds —all available without tooling 
charges. Also . . . convenient charts showing current-carrying capacities 
and recommended wire sizes — in fact, everything you need to match the 
cord set to the requirements of your product. 


New Components and Materials 


any item reviewed. 


Literature for the Design 
Engineer 
A copy of any manufacturer's 


publication reviewed. 


Feature Article Reprints 


WRITE on company letterhead for your complimentary copy of this big, 
new Catalog No. 5-59 — today! 


Single copies of selected feature 


articles. 


ROYAL ELECTRIC 
; CORPORATION Advertised Products 
4 se PAWTUCKET, RHODE ISLAND More information on any product 
fervectric/ E 7 | or service described. 


in California: Electric Cords & Supply Corp., in Canada: Royal Electric Company (Quebec) Ltd. 
413 E. 3rd St., Los Angeles 13 Pointe Claire, Quebec 
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NEW PROTECTION AND COST SAVINGS 


with MickeRs : Capm OLT.. 
SURGE PROTECTORS for Silicon Rectifiers 


GUARD SILICON 
RECTIFIERS 
AGAINST 
BREAKDOWN 
FROM TRANSIENT 
HIGH VOLTAGES 


REDUCE INITIAL 
ACTUAL SIZE RECTIFIER COST 


To protect silicon rectifiers against destructive voltage 
surges, design engineers are using rectifiers rated con- 
siderably higher than the normal operating level. This 
is a costly practice, and doesn’t always guarantee reliable 
rectifier performance and freedom from breakdown. 
The new Vickers CaptiVotr Surge Protector, with 
its non-linear resistance characteristics, eliminates the 
need for extreme derating of cells... assures greater 
reliability and longer rectifier life. Connected across the 
secondary of the transformer supplying AC to the 
rectifier circuit, the CaptiVoLt absorbs excessive inter- 
mittent energy up to 3000 watts. Extreme decrease in 
CapTiVOLT resistance with small increase in voltage 
shunts destructive voltages... protects the rectifier. 
Under normal operating voltages the high resistance 
of the surge protector consumes less than 5 watts. 


Chart below shows the remarkable savings with-just one 
of these low-cost devices. 


The CapriVo tr has been field tested for more than a year, 
laboratory surge tested for more than 20,000,000 cycles. 


STANDARD TYPES AND RATINGS 


Rated Peak | Rated RMS 


aAanaaaa aun w 


‘If fan cooling at velocity of 600 LFM is employed, multiply watts 
by two (2). EPA 3130-1 


ORDER SAMPLES TODAY—One-Day Shipment 
Bulletin 3135-1 Also Available 


VICKERS INCORPORATED 


DIVISION OF SPERRY RAND CORPORATION 
ELECTRIC PRODUCTS DIVISION 


1803 LOCUST STREET / SAINT LOUIS 3, MISSOURI 
Sales Engineering Offices: 
BOSTON (Rep.)—CEdar 5-6815 ST. LOUIS—CEntral 1-5830 
CHICAGO— JUniper 8-2125 ST. LOUIS (Rep.)—JAckson 1-4877 
CLEVELAND—EDison 3-1355 SYRACUSE (Rep.)—GRanite 4-4889 
DETROIT—TOwnsend 8-5100 LOS ANGELES—DAvenport 6-8550 
SAN FRANCISCO (Rep.)— NEW YORK CITY—LEnnox 9-1515 


Fireside 1-3433 WASHINGTON, D. C.— 
EXecutive 3-2650 
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‘k«Newest NAMCO 


Snap-Lock Limit Switches, developed by National Acme to meet rigid specifi- 
cations, have become industry’s standard for reliable ‘“‘machine life” service. 
Latest and most advanced in the complete line is the SL2. Built with machine 
tool precision and ruggedness, it will give millions of fast, accurate contacts. 
Furthermore, it is water and oiltight and can stand the bruising conditions 
imposed by heavy-duty machine applications. You owe it to yourself to closely 
examine the combination of performance characteristics that assure completely 
reliable limit switch performance under the most extreme operating conditions. 


\23 TO TRIP 
\ 


Closely Check These Outstanding Features 


67° OVER TRAVEL + 
(TRIPPED) 


90° FREE TRAVEL 
(NOT TRIPPED) 


1. Flexible Operation . . . To meet the requirements 
of any application, standard cam blank (above, left) 
can be cut into a wide variety of configurations in- 
cluding those shown. Interchangeable, these cams 
provide positive control of contact sequence; permit 
tailoring switch performance to individual jobs. 


2. Ample Overtravel and By-pass . . . Sixty-seven 
degree overtravel . . . 90° by-pass . . . 180° arc. 

3. Clockwise or counterclockwise motion . . . Convert- 
ing from clockwise to counterclockwise motion takes 
but a few seconds. 


4. Light Operating Pressure . . . Tripping action re- 
quires only 12% pounds at 1% inch radius . . . 50% 
less than previous models. Overtravel reduced so as 
to require only 8 pounds at 1% inch radius. 

5. Shock-proof Design . . . Positive mechanical lock 
mechanism withstands shock and vibration. 

6. Fast Contact Action . . . High make-and-break 
contact speed permits use in unusual applications. 

7. High Contact Pressure . . . Contact bounce mini- 
mized by use of new contact material that permits 
15 oz. contact pressure. 


Write for Bulletin EM-SL60 containing complete detailed information 


Acme 


Sales Offices: Newark 2, N.J.; Chicago 6, Iil.; Detroit 27, Mich. 


The National 
Acme Company 
170 E. 13st Street 
Cleveland 8, Ohio 
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THE NATIONAL ACME 

CLEVELAND, OHIO 
MADE IN USA. 

PAT. PENDING 


iNA YY J 
oe © ca 
| <> a 


It’s the 
EXTRAS 
that make a GOOD tube 

GREAT! 


i] iu 


6360 


MINIATURE, HIGH-SENSITIVITY VHF TWIN TETRODE 
with these Amperex EXTRAS 


@ 14 watts anode dissipation in a miniature 
envelope 
30 watts plate input up to 200 Mc (ICAS) 
internal neutralization 
ruggedized heater for mobile service 
standard, 9-pin button base 


TYPICAL RF OPERATION, CLASS C, 
TWO HALVES IN PUSH-PULL 


Other Ampere x reple 
yeh] 


6146 
6939 


betel 4 


rot ae aol meee tee lial 


about extra-quality 


Amperex 


replacement tubes 


Amperex ELECTRONIC CORP 
230 Duffy Avenue, Hicksville, L. 1., N. Y 
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LITERATURE for the 
Design Engineer 


All-new listings of manufacturer's literature just off the 


press 


including catalogs, manuals and other reference 


publications relating to components for design-in use in 
electrically energized end products. Where applicable, 
Design Engineering Show booth numbers are appended. 


SNAP-ACTION SWITCHES 


Sixteen-page bound catalog features 
15-amp, 125/250 volts a-c, snap-action 
appliance switches with a variety of 
actuators. Coin switches, cam-operated 
switches, sensitive switches, reset and 
multi-pole switches are also included. 
Enclosed appliance switch operating 
forces range from 12 to 20 oz. Un- 
enclosed switch operating forces are 
2 to 14 oz, while enclosed coin-switch 
operating torque is 4.0 gm-in. Contacts 
for switches are SPST, SPDT, depend- 
ing upon type, and rated 3 to 10 amp at 
125 volts a-c. Cherry Electrical Products 
Corp., 1650 Deerfield Rd., Highland 
Park, Ill. (Booth 1613) 

Circle 811 on postcard at end of book 


DIRECT-PRINTED CIRCUITS AND 
IMPRINTED PARTS 
Bulletin I1-559-2 describes printed cir- 
cuits with conductive or resistive ma- 
terial applied directly to base material 
only where required. Three silver inks 
are used for 180, 300, or 500 F appli- 
cations. Peel strength of latter soldered 
ink is 12 lb/in., approx. Dielectric 
may be almost any non-conducting 
base material—flexible or rigid. 

Bulletin I11-559-5, 8 pages, examines 
the range of typical printed chassis, 
dials, panels, terminal boards, name 
plates, instruction cards, and masters 
that represent products which have 
been printed to requirements. J. Frank 
Motson Co., 1717 Bethlehem Pike, 
Flourtown, Pa. (Booth 901) 
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ROLLER CHAINS AND SPROCKETS 

Book 2757, 44 pages, lists over 2000 
types and sizes of stock roller chains 
and sprockets including standard and 
double-pitch power transmission chains, 
a large selection of conveyor chains 
and attachments, and a line of sprock- 
ets. An 18-page section lists standard 
roller chains: single, double, triple 
and quadruple strand; also heavy 
series roller chains, corrosion-resistant 
stainless steel and bronze roller chains, 


double-pitch roller chains, various 
types of flat-tip conveyor chains, 
and leaf chain. Sprockets described in 
20-page section include finished bore, 
taper lock, mandrel bore, removable- 
segment and shear-pin types. Two 
pages are devoted to roller chain flexi- 
ble couplings. Link-Belt Co., Dept. 
PR, Prudential Plaza, Chicago 1, III. 
(Booths 2105, 2107) 
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INTERNALLY THREADED TUBULAR 
RIVETS 


Data book consists of 14 pages of illus- 
trations, descriptions, applications, and 
variations in the Rivnut line of fast- 
eners. Test data, torque strength data, 
finishes, tools for application, and 
complete dimensions are listed. B. F. 
Goodrich Co., Aviation Products Div., 
500 S. Main St., Akron 18, Ohio. 
(Booth 1403) 

Circle 814 on postcard at end of book 


MOTOR SPEED REDUCER 
Six-page Brochure 5-250 illustrates and 
describes speed reducer designed to 
accept NEMA C face-mounted motors, 
', to 5 hp, and supplied with or with- 
out motors. Gear ratios range from 
4:1 to 90:1. Dimensions, specifications, 
and ratings given. Janette Electric 
Mfg. Co., 8350 No. Lehigh, Morton 
Grove, Ill. (Booth 626) 

Circle 815 on postcard at end of book 


BALL-BEARING PACKAGE UNITS 
Catalog AG-59, 8 pages, reviews belt 
idlers, sprocket idlers and adaptor 
bearings. Adaptor bearings combine 
seals, mounting flange, locking collar, 
and ball bearing for shafts with 14 to 
114 in. diam. Pre-lubricated sprocket 
idlers have pitches from 1% to 1% in. 
Standard V-belt idlers are available 
in seven types for mounting on 1% or 
»g-in. bolts. Aetna Ball and Roller 
Bearing Co., 4600 Schubert Ave., Chi- 
cago 39. (Booth 927) 

Circle 816 on postcard at end of book 
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changes from one coding to the next 

seconds. Quickiy adjustable for any size 
wipe »9.d to 30 gauge Wraps up to 
000 permanent wi-around bands per i 


hour or flags up to 1,500 per hour 


The modern way to identify wires and parts 
quickly — accurately — uniformly Easy 
and safe to operate. Savings in time and 
labor quickly justify rental or purchase of 


a Markermatic 


Write for Brady Bulletin 187 


FASTEST WIRE MARKER MADE! 


Whether you want to apply self-sticking 
markers automatically or manually you'll 
find the Brady combination of job engi- 
neered adhesives, release coatings, and zip- < PEEL BACK THIS 1 


strip construction insures fastest possible 
: 7\7\7\7 


\P- STRIP TO REMOVE — _ 
7 ee 


application. 7 


7 stock materials and 4 stock sizes plus 
thousands of pre-printed combinations guar- 
antee a marker for every purpose —a size 
for every wire. 


If you’re not currently applying self-sticking 
markers automatically you soon may be. 
Don’t get “stuck’’ with an inventory of 
obsolete markers. 


BRADY 
Write for Brady Bulletin 130 


Better specify Brady now! — The modern marker that can be machine applied. 


Copyright 1960, W. H. Brady Co. Printed in U.S.A 


For the Life of Your Prsduct... 


RADY): Poly-Plates 


MADE OF MIRACLE MYLAR* 


Now you can design new sparkle, new color, new Mylar* — with the graphic artistry possible through 
LIFE into your products with Brady Poly-Plates. These advanced reproduction techniques. Brady’s unique 
new-as-tomorrow nameplates give full freedom to sub-surface printing and metallizing process utilizes 
your design creativity — let you choose any wording, the unequalled protective qualities of Mylar to give 
pattern, shape, size and color combination, including you a one-piece (not laminated) nameplate that’s prac- 
rich metallic silver or gold, without restriction. tically indestructible — for the life of your product. 
Poly-Plates combine’ a modern material — miracle 


WRITE FOR FREE NAMEPLATE DESIGN KIT AND POLY-PLATE TESTING SAMPLES 


*DU PONT'S REGISTERED TRADEMARK FOR THEIR POLYESTER FILM 
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LIVER 


MINUTE STEAK 


HEAT The Brady Poly-Plates mounted on the handles of this This well-known trade 
electric griddle give cooking temperatures for 17 dif- mark on a Brady Poly- 
tte ttm aelel er Daily handling and repeated cleaning with Plate identifies the manu- 
detergent soap and water, other cleaning fluids will facturer adds spar- 
not mar the printing or affect the brilliant silver batk- kle to the well-designed 


zround of the Poly-Plate outer case of this radio 


GRILLED 
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PANCAKES 

PORK CHOPS 

POTATOES & VEG. 340 

ROLLS 40 

ROLLS, WARMING 260 The design and gleaming gold color Ore a) ie alot MT tht me ' 
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er Handling will not abrade or Year ‘round outdoor ex- REGULATING 
deface the Poly-Plate Pantie la posure has no effect on TRANSFORMER 


oie eM he Mal haha the fadeproof inks used 
effect on the Poly-Plate’s permanent Zelam Tact: bY Poly-Plates 
adhesive 


BUL 350 


MODEL 10 TAPPER 


TAPMATIC CORP PAT # 2,597,849 # 2,795,146 


POLY-PLATES ARE SELF-BONDING — JUST ZIP OFF THE LINER AND APPLY. __ aU aU day 


CAT NO SERIES 


W. H. BIRIAIDIY CO. 799 W. Glendale Ave. * Milwaukee 9, Wis. * Phone EDgewood 2-8100 * Teletype MI-240 seagate ple 


ALLEN-BRADLEY CO 


Manufacturers of Quality Pressure-Sensitive Industrial Tape Products * EST. 1914 ol beget cA 


IN CANADA: W. H. BRADY CO. OF CANADA, LTD. * 1 Research Road, Brampton, Ontario « Phone Glendale 1-4420. 


BRADY FACTORY SALES OFFICES: Atlanta, Boston, Buffalo, Chicago, Cincinnati, Cleveland, Detroit, Hartford, Los Angeles, Newark, New York, 
Philadelphia, St. Louis, San Francisco. 





PACKING RINGS AND PISTON CUPS 
Form P-8907 is a folder describing and 
illustrating V-ring cylinder packing 
and piston cups made of a combina- 
tion of TFE-fluorocarbon and asbestos 
cloth. Folder explains that packings re- 
quire no lubrication, are unaffected by 
hydraulic fluids, can be operated at 
temperatures to 500 F, have low ther- 
mal expansion and low plastic flows. 
Packing Div., Raybestos-Manhattan, 
Inc., Passaic, N. J. (Booths 1810, 1812) 

Circle 817 on postcard at end of book 


FARM MACHINERY BEARINGS 
Engineering manual of ball bearings, 
designated FM100, is divided into such 
special categories as flange bearings, 
belt and chain idlers, cam followers, 
PTO bearings, plunger bearings, wire 
guides, etc., and includes a listing of 
more standard radial bearings adapt- 
ed to farm-machinery applications. 
Nice Ball Bearing Co., 30th and 
Hunting Park Ave., Philadelphia 40, 
Pa. (Booth 2321) 

Circle 818 on postcard at end of book 


BEARING UNITS 


Catalog BU-103A, 20 pages, describes 
pillow-blocks, flange blocks and take- 
up units. Most are available in 29 
shaft sizes from 4% to 2%6 in. Varia- 
tions are illustrated and described. 
Dimensions, specifications, and charts 
showing comparable units of other 
manufacturers included. Bearings are 
either permanently lubricated or relube 
types. Browning Mfg. Co., Maysville, 
Ky. (Booth 2207) 

Circle 819 on postcard at end of book 


SHOCK AND VIBRATION MOUNTS 


Elastomeric Ballmount Series 275, 302, 
and 372 are introduced in Bulletin 
59-04.6, two pages. Mounts provide 
vibration and noise isolation for light 
loads in ratings from 4% to 9 lb. Ma- 
terial used is neoprene or natural rub- 
ber. Barry Controls, Inc., 700 Pleasant 
St., Watertown 72, Mass. (Booth 
1624) 

Circle 820 on postcard at end of book 


QUICK-OPERATING FASTENERS 


Case-history brochure, 18 pages, de- 
picts a variety of assembly savings 
achieved in various industries ranging 
from appliance to automotive through 
use of Speed Nut fasteners from a 


selection of more than 9000 variations. | 


Tinnerman Products, Inc., Box 6688, 


Cleveland 1, Ohio. (Booths 1226, | 


1228) 


Circle 821 on postcard at end of book | 


FLEXIBLE COUPLINGS 


Catalog 60 features a grouping, by 
types, of couplings with diagrams and 
tables for each coupling. Pages are 
devoted to dynamic balancing, bore 
and keyway standards, and misalign- 


<Circle 314 on Inquiry Card 








CUT ASSEMBLY TIME IN HALF! 


NEW 


RELIABLE CRIMP ASSEMBLY 


ial 


RF CONNECTORS 


NO SPECIAL TOOLS 
WEATHER PROOF 
COMPLETE FAMILY 
MINIATURE BNC TYPES! 
FAST CONNECT & DISCONNECT 
SUPERSTRONG CABLE RETENTION 

IMPROVED CABLE STRAIN RELIEF 

QUICK INSPECTION 


POL Now, PDQ RF Woe 


Availability Lists let IPC cus- 


tomers know current stocking ——m 


LOW VSWR 


AVAILABLE NOW! position of every standard RF 
connector. RF delivery is 


PDQ from IPC! 


INDUSTRIAL PRODUCTS-DANBURY KNUDSEN 


a Division of Amphenol-Borg Electronics Corporation 
33 East Franklin, Danbury, Connecticut 
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ment. Lines of miniature couplings 
and extra-high-speed units are also in- 
cluded. Thomas Flexible Coupling 
Co., Warren, Pa. (Booth 1600) 

Circle 822 on postcard at end of book 
FLEXIBLE COUPLING BULLETIN 


Revised Bulletin 5103, ten pages, covers 
flexible couplings, including “Junior” 
couplings with flanges of zinc alloy 
AG40A and large-size bushed 
plings fitted with interchangeable, QD- 
tapered bushings. Engineering 
data also given on spacer couplings 
with drop-center sleeves and on use of 
couplings with floating shaft to con- 
nect two shafts that cannot be brought 
close enough together to be connected 
by single coupling. T. B. Wood’s Sons 
Co., Chambersburg, Pa. (Booth 1736) 

Circle 823 on postcard at end of book 


FOOTSWITCHES 


Hi-Treadlite footswitches HT-52-D, 
HT-54-D maintained models and HT- 
50-S impulse model are introduced in 
one-page data sheet. Contacts are 
SPST, SPDT, DPDT rated at 20 amp, 
125 to 250 volts a-c, depending on 
model. Model HT-54 only is rated 
10 amp, 125 volts a-c. Size of units is 
2% wide x 3% long x 1% in. high. 
Linemaster Switch Corp., Woodstock, 
Conn. (Booth 1224) 


Circle 824 on postcard at end of book 
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BLIND RIVET CATALOG 

Eight-page illustrated catalog SL-101 
details information about fastening 
blind rivets. Cross-section dia- 
how “POP” rivets work 
and photographs present uses in the 


with 
grams show 
airplane, appliance, automotive, sheet 
and other Catalog 
shows two basic rivet types, lists tools 
(both hand-operated and 
and has design data and _ selection 
chart. “POP” Rivet Div., United Shoe 
Machinery Shelton, Conn. 
(Booth 924) 


Circle 825 on postcard at end of book 


metal industries. 


powered )s 


Corp., 


INCH AND METRIC DIMENSION 
BALL BEARINGS 


Bulletin 112, 
Series R_ bearings which 
boundary dimensions (bore, 
width) to inch dimensions. 
proportionally similar to conventional 
extra-light and light series metric bear- 
ings. R series bearings offered in 15 
sizes for shafts ranging from 14 to 11% 
in. diam. 

Series 30 bearings are extra-small 
metric ball bearings for use with shafts 
and housing of small diameter. Bores 
range from 4 to 9 mm in diam. All 
bearings may be obtained either open 
or shielded. In addition, Series 30 bear- 
ings may be equipped with single or 


describes 
have all 
OD and 


Series is 


four pages, 
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HELD CONTACTORS 
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DIMENSIONS 


——SIZE 4 SIZE 1 
A—7'2 A—3'2 
B—12'2 B—5% 

c—3% 
D—2 

E—3% 
F—Ye4 


double seal. Bearing Division, Hoover 
Ball and Bearing Co., 5400 So. State 
Rd., Ann Arbor, Mich. (Booth 426) 


Circle 826 on postcard at end of book 
POWER TRANSMISSION BELTING 


Catalog B-60 is a source of information 
on types of belting available. Twenty- 
four pages present advantages and ap- 
plications of modern belting. V-belt 
section gives essential differences in 
design and construction between V-belts 
with synthetic cord load-carrying sec- 
tions and steel cable load-carrying sec- 
tions. Adaptability of each type to 
shock loads, to long and short centers, 
to high- and low-speed operation, and 
to varying ambient atmospheric condi- 
tions is explained. Another section of 
the catalog analyzes and describes 
“Super-Wedge” V-belts and variable- 
speed belts. Service Div., Maurey Mfg. 
Corp., 2907 So. Wabash Ave., Chicago 
16, Ill. (Booth 2317) 

Circle 827 on postcard at end of book 


BOOKLET ON SCREW-THREAD ROOT 


Illustrated, 20-page treatment of the 
shape at a screw-thread root maintains 
that lack of as little as 0.002 in. in 
radius may literally waste half the de- 
sign load or 99 per cent of the fatigue 
life of an otherwise sound fastener. 
Pamphlet lists basic criteria for a good 
thread root, presents comparative an- 


HART 





alysis of three widely used thread 
forms, including data on relative per- 
formance in tension-fatigue and at high 
temperature. Preview of some new 
large-radius-root screw thread stand- 
ards that are expected in near future 
is offered. Pamphlet explains that with 
large, rounded, smooth and continuous 
root radius, stress concentrations are 
reduced and, as a result, bolt failures 
are reduced. Areas of usage for im- 
proved root radii: high-strength steel 
parts of 180,000 psi tensile strength or 
higher; threaded parts made of tita- 
nium and other notch-sensitive alloys; 
fasteners operating at over 550 F; parts 
one inch or more in diameter, regard- 
less of stress level; structural external 
threaded fasteners in such applications 
as air-frames, missiles, and machine 
tools. Standard Pressed Steel Co., 
Jenkintown, Pa. (Booth 2124) 

Circle 828 on postcard at end of book 


SELF-LOCKING SCREW INSERT 

Data sheet describes features of “Torq 
Loc” insert which is pressed into dril- 
led hole in aluminum, brass, steel, 
wood or plastics. Minimum hole depth 
needed for threaded insert is» 1% in. 
Thread may be from 4-10 to 14-20. 
Holding feature prevents axial pull- 
out as well as reverse turn-out and is 
independent of screw which may be 
readily inserted or removed. Torq-Loc 


Div., Bergen Laboratories, Inc., 60 
Spruce St., Paterson 1, N. J. 
Circle 829 on postcard at end of book 


ELASTOMER-ENCASED PENDANT 
SWITCHES 
Eight-page illustrated bulletin § de- 
scribes nine pendant switches for elec- 
tric-hoist control. Switches are encased 
in water-tight Hycar synthetic rubber. 
Available with two, four or six but- 
tons, with one- and two-speed control. 
Joy Manufacturing Co., Electrical 
Products Div., 1201 Macklind Ave., St. 
Louis 10, Mo. 

Circle 830 on postcard at end of book 


MOTOR AND RELAY REFERENCE FILE 
Four-page folder F9765 illustrates and 
gives typical specifications on com- 
plete line of the manufacturer’s a-c 
and d-c fractional-hp motors, tachome- 
ter generators and sensitive relays. 
Lists rate horsepower, dimensions, spe- 
cial features and typical applications 
of motors and relays. Motors available 
in variety of voltage ranges, styles and 
specifications to meet airborne, com- 
mercial and industrial applications. 
Barber-Colman Co., Rockford, III. 

Circle 831 on postcard at end of book 


PANELS AND ENCLOSURES 


Coxline Catalog EE1960 features 3500 


standard-size panels and enclosures. 
Enclosures meet all NEMA 12 and all 
mandatory JIC requirements. H. F. Cox 
Co., 601 Ottawa Ave., Grand Rapids 2, 
Mich. 

Circle 832 on postcard at end of book 


BLOWER BOOKLET 


Illustrated 12-page booklet describes 
the standard line of blower assemblies, 
blower wheels, and parts such as pul- 
leys, bearing brackets, bearings, and 
pillow blocks. Wheels being produced 
include large-diameter riveted wheels, 
single- and double-inlet welded wheels 
and mechanically locked wheels. Blow- 
er Div., Lau Blower Co., 2027 Home 
Ave., Dayton 7, Ohio. 

Circle 833 on postcard at end of book 


PRESSURE TRANSDUCERS 


Pressure instrumentation of variable- 
reluctance transducers is shown and 
described in a four-page brochure. In- 
struments are available in ranges from 
0-0.1 to 0-3500 psi gage, differential 
and absolute. Bulletin considers dual- 
coil transducers for a-c bridge-circuit 
applications, pressure-to-voltage sys- 
tems for d-c applications, and single- 
coil transducers for reactance-controll- 
ed oscillators. Ultradyne, Inc., 2630 
San Mateo N.E., Albuquerque, N. M. 
Circle 834 on postcard at end of book 
(Continued on page 358) 


MOTOR CONTROLS 


ONE/HALF 


THE SIZE AND WEIGHT of CONVENTIONAL CONTROLS! 
WITH ADVANTAGES ONLY “RA” DESIGN CAN OFFER 


Arrow-Hart now offers Mechanically Held Contactors with or without coil clearing contacts, in 
NEMA Sizes 0-5, as well as its complete line of “Right Angle’ design contactors. Applications 
include machine tool control circuits and electric furnaces requiring continuity of operating 
sequence despite voltage failure or interruption. Also widely used in locations where quiet is 
essential and where the hum characteristic of a-c magnets in an electrical holding circuit is 
objectionable. 


MECHANICALLY HELD OR STANDARD CONTACTORS OFFER: 
e Small Size e Less Weight 
e Straight-thru Front Wiring e Easy Inspection, Installation, Maintenance 
e Improved Performance & Dependability Vertical Contacts . . . prevent accumulation 
of breakdown materials 
e Greater Magnet Efficiency . . . control e Pressure Lugs Sizes 1 thru 5 
transformers up to 4 smaller 
e Easy to Add Auxiliary Interlocks e Hard Epoxy Coils 


Write today for details to The Arrow-Hart & Hegeman Electric Company, Dept. i'M, 
103 Hawthorn St., Hartford 6, Connecticut 


ARROW-HART of HARTFORD 


Quality since 1890 
MOTOR CONTROLS «+ ENCLOSED SWITCHES «+ APPLIANCE SWITCHES « WIRING DEVICES 
Circle 316 on Inquiry Card 





TORQ 


a 
DETECTION 
CONTROL 


..may solve 
YOUR problem 
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UV- ECONOMICALLY 


®@ A single TORQ 
SYNPRO-TEX governor 
cycles an automatic 
washer during spin-dry to 
less than 1G to more than 
1G to balance the load, 
get clothes drier and 
make the wash “fluffy”. 
@ A TORQ MULTI- 
TECTOR practically runs 
a diesel engine. It cuts 
out cranking motors, en- 
gages and disengages 
cooling circuit, provides 
fuel requirements at dif- 
ferent speeds, then sig- 
nals full speed. 

@ TORQ governors re- 
late fuel supply to air 
supply in power gas 
burners. A single gover- 
nor will purge the com- 
bustion chamber, then 
turn on the gas, and dur- 
ing operation if blower 
falls below required 
speed for any reason, the 
governor shuts off the gas. 
@ In event of overload 
on a saw mill, due to dull 
blades, a TORQ governor 
causes the cutting blade 
to be withdrawn before 
damage can occur. 

@ On electronic equip- 
ment blowers, a TORQ 
governor will cut the 
equipment out of the cir- 
cuit in event of blower 
failure, to protect expen- 
sive electronic compo- 
nents against overheating. 
@ Conveyors are auto- 
matically shut off if they 
fall below predetermined 
safe speed. 

@ TORQ governors 
make an ideal plugging 
switch to cut out the 
motor at low speeds close 
to zero before motor re- 
verses. 

@ On truck refrigerators, 
TORQ governors main- 
tain proper voltage and 
frequency output from 
the alternator by shifting 
it through a solenoid ac- 
tuated transmission at 
pre-calculated truck en- 
gine speeds. 

If your device employs 
a rotating shaft, a TORQ 
governor can sequence it, 
control it, provide signals, 
or monitor it for safety at 
one or many speeds from 
zero to more than 15,000 
rpm. 

Write today for Bulletin 


No. 250. 


Patents & Patents Pending 


TORQ ENGINEERED PRODUCTS, INC. 


34 West Monroe Steet Bedford, Ohio 
Phone: BEdford 2-4100 
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ROTARY SWITCHES 
Stock Catalog 399 lists 124 types and 
sizes of rotary switches, both shorting 
and nonshorting, which may be sup- 
plied fully assembled or in subas- 
semblies, such as sections, shaft and 
indexes, etc. Oak Mfg. Co., 1260 N. 
Clybourn Ave., Chicago 10, Ill. 

Circle 835 on postcard at end of book 


ROUND DRAWN CASES 

Four-page data sheet features 
than 200 standard sizes of round drawn 
made from aluminum, copper, 
brass, and mumetal. Cases for 
components range in size from 4 to 3 


lm 


more 


cases 


steel, 


in. in diam and lengths up to 4 in. 
Data sheet gives sizes and combinations 
available. Olympic Products Co., Inc., 
Alpha, N. J. 

Circle 836 on postcard at end of book 


PANEL-MOUNTING ELECTRONIC 
VOLTMETERS 


Voltmeters expressly designed for con- 
tinuous monitoring of critical parame- 
ters in systems and consoles are de- 
scribed in a folder of data sheets. Both 
commercial and military types are de- 
scribed. Folder includes a_ tabulation 
of principal specifications of a-c and 
d-c electronic voltmeters. Metronix, 
Inc., Chesterland, Ohio. 

Circle 837 on postcard at end of book 


PENDANT PUSHBUTTON SWITCH 
ENCLOSURES 


Series 4000 elastomeric pendant power- 
control enclosures are introduced in 
four-page bulletin. Oil- and grease-re- 
sistant enclosures have button guards 
to prevent accidental actuation. Tables 
present specifications of enclosures for 
from two to six pushbutton switches. 
Daniel Woodhead Co., 15 N. Jefferson 
St.. Chicago 6, IIl. 

Circle 838 on postcard at end of book 


TORQUE DISCONNECTING COUPLINGS 
Engineering Data Section 15C is a two- 
page bulletin on a safety coupling of- 
fered in shaft sizes from Y to 6 in. 
Range of torque values is adjustable 
over a wide range. When tripped, 
coupling may be re-set in 1 min. Mean 
torque for smallest, 5 lb-in.; for larg- 
est, 50,000 Ib-in. Odin Corp., Castle- 
ton 1, Ind. 

Circle 839 on postcard at end of book 


POTENTIOMETER SELECTOR CHART 


Precision potentiometer chart measur- 
ing 24x30 in. is suitable for wall 
mounting. It contains specifications in- 
cluding electrical, mechanical, mount- 
ing, special features and environmental 
information on 37 standard models of 
single- and multi-turn precision poten- 
tiometers. Spectrol Electronics Corp., 
1710 South Del Mar Ave., San Gab- 
riel, Calif. 

Circle 840 on postcard at end of book 
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hy DC FORWARD CURRENT TRANSFER RATIO 


Available in commercial production quantities, TI 2N1372 
series germanium P-N-P alloy transistors make possible low- 
cost applications that provide linear beta, high power gain 
and low distortion characteristics. These general purpose 
economy transistors are especially suited for your medium 
frequency switching circuits, audio amplifiers and motor 
control applications. 


maximum ‘ratings at * 25° € ambient 
Collector—Base Voltage 

Collector Current 

Total Device Dissipation 

Storage Temperature Range 


electrical characteristics at 25° C ambient 
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Fully automatic testing and classification by CAT (Continu- 
ous Automatic Testing) completely eliminates human error 
and assures uniformity and reliability...ideal for your 
production assembly and testing requirements. 

Evaluate the specifications below and contact your nearby 
TI distributor or TI sales office for the devices most suited 
to your particular requirements. 
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Write on your company letterhead for complete high resistance sensing circuit application report. 
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GERMANIUM TRANSISTORS 
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New COMPONENTS 


A staff compilation of the latest developments . . . screened for design-in use 
in electrically operated end products . . . complete with all released specifi- 
cations and available application data. Where applicable, Design Engineering 


Show booth numbers are appended. 


TEFLON PISTON RINGS 


Filled TFE-fluorocarbon resin piston 
rings are suited for non-lubricated 
service to seal reciprocating, oscillating 
and rotary motion of both external and 
internal cylindrical surfaces against 
leakage of liquids or gases. Matched 


rider rings are also available for use 
in conjunction with rings where long 
stroke or heavy pistons necessitate ad- 
ditional Rings made from 
carbon-filled resin are suitable for con- 
tinuous service in range from 420 to 
+-500 F. Rings available in designs 
including butt joint, step joint, scarf 
cut or solid design. In addition to 
carbon-filled, glass-filled Teflon also of- 
fered. Garlock Packing Co., 444 Main 
St. Palmyra, N. Y. (Booth 2206) 
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support, 


MAGNETICALLY 
OPERATED SWITCH 


Miniature electrical “FluxLink” switch 
is designed to operate in extreme en- 
vironmental conditions. Three switches 
are offered, each to operate in different 
temperature ranges. Snap-action con- 
tacts are in sealed chamber. Magnetic 
actuator is external to hermetically 
sealed chamber. Therefore, no physical 
connection with contacts is necessary 
to make and break switch. Same basic 
switch serves, without modification, for 


toggle, rotary, level, pushbutton or 
electromagnetic remote control; actua- 
tor is supplied to specifications. All 
three switches are rated 15 amp, 125 
volts a-c. Approximate dimensions are 
34 in. OD x % in. long. Space Com- 
ponents, Inc., 1048 Potomac St., NW, 
Washington 7, D. C. (Booth 340) 
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3-POSITION, 4-WAY 
DUAL-SOLENOID VALVES 


Only two moving pilot cores and four 
flexing diaphragms are utilized in 
solenoid with brass bar-stock body and 
poppet seats. Available with 14 or x 
in. pipe connections. In closed center 
position, when both solenoids are de- 


energized, flow is blocked to all 
orifices. Valve locks cylinder piston at 
any point of stroke. During cycling, 
graduated or full cylinder displacement 
may be controlled by energizing one 
solenoid. Valves suitable for handling 
air, water and oil from 10 to 250 psi 
on a-c or d-c voltages. Automatic 
Switch Co., Florham Park, N. J. 
(Booths 1438, 1439) 
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TRIM MOLDING 


Two-part trim molding. with a me- 
chanical interlocking feature, utilizes 
the resiliency of butyrate. Molding is 
readily installed and fasteners are con- 
cealed. Typical design is illustrated: 
bright metallic-finish laminated buty- 
rate extrusion “B” snaps into “A”, a 
solid butyrate molding, after “A” is 
first fastened to appliance or cabinet. 
Molding “B” can be hot stamped or 
otherwise decorated to serve as name- 
plate or designation strip. Visible edge 


Gm f= 


dias 


of molding “A” can provide two-tone 
effect where desired. Anchor Plastics 
Co., Inc., 36-36 36th Street, Long Is- 
land City 6, N. Y. (Booth 2103) 
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BRONZE-BUSHING 
PILLOW BLOCKS 


Sleeve bearings are intended for ap- 
plications where shock loads and high 
temperatures are anticipated. Worn 
bushing may be removed without re- 
moving bottom half of housing from 
its mounting; only top half of block is 
removed and shaft lifted slightly to 
permit lower half of worn bushing to 
be removed. Line includes split journal 
bearings for standard power-trans- 
mission shaft sizes from 1'%e¢ to 2™%e6 
in., rigid pillow blocks for shafts from 
3%e to 5'%¢ in., and angle pillow blocks 
in standard transmission-shaft sizes. 
Dodge Mfg. Corp., Mishawaka, Ind. 
(Booth 1834) 
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SELF-LOCKING SCREWS 


Nylon pellet in screws provides locking 
feature. Sizes available down to 0-80. 
Machine screws, cap screws, bolts, set 
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your delivery date... 
the requirements of Mil E-4970°... 


Luxolene Molded 


Luxolene epoxy molded coils, manufactured on 
production basis, meet the requirements of Mil 
E-4970* and are engineered especially for appli- 
cations involving sand, fungus, high and low tem- 
perature, humidity, vibration, shock, salt spray, 
sunshine or dust. 


Luxolene coil windings are completely encased in 
thermosetting epoxy resin by incorporating a core 
tube of the same material as is used in the en- 
capsulating process. Luxolene Epoxy resin is ap- 


Coils meet both! 


proved by Underwriters Laboratories as a Class B 
(130°) insulating material. Available in colors— 
black, green, blue, yellow, orange and red. 
From design to delivery, Deluxe engineers work 
with you. Capacity for volume production, with 
highest degree of accuracy, assures your meeting 
delivery schedules on any product from washing 
machines to missiles. 

For specific information write to Deluxe Coils, Inc., 
P.O. Box 454 or phone Wabash 1720. 


*Certified by American Laboratories Report No. 9-3612-CH. 


Deluxe COILS, INC. wasasn, inoiana 
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This 
Connection 


STAYS 


Connected 


Enlarged cross section of United Funnel Flange 
Eyelet showing greater soldered area which 
lends greater strength. 


New United Funnel Flange design improves 


reliability of soldered connections 


Greater mechanical strength due to greater 
soldered area of funnel eyelet 


WHY UNITED FUNNEL FLANGE EYELETS ARE SUPERIOR 
. .. The funnel design permits easy insertion of leads. When soldering, the 
solder fills the funnels and flows around the outside of the eyelet on both 
sides of the etched circuit. This increases the soldered areas and seals the 
lead and the funnel eyelet tightly to the circuit. The unique design of the 
funnel eyelet permits entrapped gases to escape and makes it possible to 

achieve an unusually solid, eustable connection. 
More uniform circuitry is also realized with United Funnel Flange Eyelets 
which are made from electrolytic copper. This material has a coefficient of 
expansion in the same order as that of the 

copper in the etched circuit. 

nited Funnel Flange Eyelets meet MIL 
Standard No. 202 for vibration, shock, 
thermal cycling, and humidity. Wide 
choice of sizes and lengths meet needs of 
hole sizes and board thicknesses. Also 
available in brass. Special plating, and 

packing to order. 

Free: Send us a sample of your board for 
free insertion of funnel flange eyelets for 
your testing and evaluation or write for 
complete specifications of sizes available. 


JAnited. 


UNITED SHOE MACHINERY CORPORATION 





screws, lock nuts, threaded inserts and 
other threaded fasteners utilize nylon 
insert also. Nylok Corp., 611 Industrial 
Ave., Paramus, N. J. (Booth 139) 
Circle 574 on postcard at end of book 


PRE-INSULATED SPLICE 
CAP AND TOOL 


Splice caps and a ratchet-controlled tool 
are designed to crimp through nylon 
cap insulation without weakening its 
insulating qualities. Splice cap can be 
used for two No. 18, two or three No. 16, 
two No. 14, or equivalent combinations. 
Tools employ three-indent, rolling-ac- 


tion crimp that distributes crimping 
pressure and minimizes thinning of 
insulation. Both pneumatic and hand 
tools available. Caps are approved by 
UL and Canadian Standards Associa- 
tion for 1000 volts max in fixtures to 
105 C. Buchanan Electrical Products 
Corp., Hillside, N. J. (Booth 2216) 
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MOMENTARY-CONTACT 
SWITCH 


A 30-amp switch, series 1901, has two 
stainless-steel springs incorporated in 
mechanism. One spring returns stem 
to normal position and other spring 
maintains constant pressure on con- 


140 Federal Street, Boston, Mass. 


tacts. SPDT, SPST normally open, 
Liberty 2-9100 


SPST normally closed, and SPST 2- 


circuit models may be used singly or 


High speed automatic setting of Funnel Flange 
Eyelets with United Eyeletting Machine Model G. 


SEE US AT THE DESIGN ENGINEERING SHOW, BOOTH 924 NEW YORK COLISEUM, MAY 23-26. 
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Generator brushes wearing too fast? 


TRAD 


Your UR arionat brush man showed this 


electroplater how to double brush life! 


PROBLEM: Rapid brush wear was limiting generator 
performance. 


RECOMMENDATION: “National” Brushes Grade BGX. 


RESULTS: Not one commutator has been stoned or 
turned in five years. Brush wear has been even, 

with no selective action or overheating — even up to 
20% overloads. Brush life has been doubled. 


en Contact your “National” Brush Man 


“N"’ and Shield Device NATIONAL CARBON COMPANY UNION 


“National”, 
and ‘‘Union Carbide"’ are registered 


trade-marks for products of Division of Union Carbide Corporation * 270 Park Avenue, New York 17, New York CARBIDE 
IN CANADA: Union Carbide Canada Limited, Toronto 
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MORE NEWS ABOUT 
SILICON POWER RECTIFIERS 
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FANSTEEL’ 
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stacked in any combination to provide 
multiple-pole units. All models avail- 
able with pin plunger, pushbutton, 
leaf, and leaf with roller actuation. 
Contact bridges and contacts are solid 
copper inlaid with silver cadmium 
oxide. McGill Manufacturing Co., Inc.., 
Electrical Div., Valparaiso, Inc., (Booth 
1907) 
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SOLENOID VALVES 


Series V-5 valve (illustrated) is de- 
signed to handle liquids or gases for 
control and instrumentation. Compact 
two- and three-way solenoid valves 
handle 400 psi max operating pressure 
differential. They have 1%2-in. orifices 
and 4 or 4 in. NPT ports. Two-way 


types available normally closed and 
will seal in either direction. Three-way 
types available in normally closed, 
normally open directional control, and 
multi-purpose versions. Skinner Elec- 
tric Valve Div., Skinner Chuck Co., 95 
Edgewood Ave., New Britain, Conn. 
(Booth 1813) 
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TUBULAR 
MECHANICAL-SPRING 
MOTOR 


Constant-torque, tube-shaped Neg’ator 
motor illustrated develops a constant 
torque of 6 lb-in. through 50 revolutions 
of the output pulley at all positions of 
cable extension. Motor itself fits within 
2-in. diam cylindrical cavity of 8-in. 
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length. Smaller tube motor, which de- 
velops constant torque of 3° oz-in. 
through 50 revolutions, would fit in 
34-in. diam cavity of 3%4-in. length. 
Hunter Spring Co., 1 Spring Ave., 
Lansdale, Pa. (Booth 1512) 
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BEARINGS FOR FHP MOTORS 
AND PILLOW BLOCKS 


Permanently lubricated bearing with a 
sintered bronze bushing is available 
for fractional-hp motor shaft sizes of 
14, %e, 36 and %¢@ in. Design eliminates 
need for oil lines, reservoirs, oil cups, 
wicking, oil slingers, catchers, etc. 


Steel-housing, strap-type pillow block 
is available for shaft sizes from 1%6 
through 2346 and has been designed for 
normal- and heavy-duty applications. 


Graphited bushing is self-aligning and 
interchangeable with most units of 
comparable size and mounting. Randall 
Graphite Bearings, Inc., Box 839, Lima, 
Ohio. (Booth 914) 
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POWDERED-METAL PARTS 
AND AIR BEARING 


V-belt pulleys which require no ma- 
chining, porous metal cylinder lines 
which retain lubricating oil, and self- 

(Continued on page 368) 
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THAT FANSTEEL’S SHOULDER 
AND CURL DESIGN* PROVIDES 
THE BEST METHOD OF 

SEALING A TANTALUM 
| aaene 0] man iemmey 12 10 n00) ae 


———— 


Came Gam nan 


This unretouched photo (twice actual size) shows a Fansteel ‘PP'’ type 
tantalum capacitor before and after being subjected to internal pressures 
of 600 psi. As shown, the test resulted in a stretching and deformation of 
the silver case, but no failure or leakage whatsoever in the seal. 


What Every Designer 
and Engineer Should 
Know About This Seal 


FEANSTEEL 


FANSTEEL METALLURGICAL CORPORATION North chicago, 1, U.S.A 
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urity-control of 
NATIONAL LOCK COMPANY 
aL DIE CASTINGS is measured 
| to the third decimal 


Here, within National Lock Company’s 


complete die-casting department, 
SNAP Ps. purity-control of our zinc alloy die castings 
i is a matter of sound technical knowledge, 
‘Vom ate,| Tee constant vigilance and the finest 
P se a eA NR. J facilities metallurgical science 
; can provide. 

Our spectrograph, shown below, accurately 
analyzes all metals in the alloy . 
to the third decimal. X-Ray machines, 
humidity and salt spray cabinets, 
electronic, magnetic and chemical 
instruments are in use daily. 


Die casting machines (for both 
conventional and vacuum processes) , 
automatic plating equipment, automatic 
painting and lacquering machines. . . also 
help make National Lock zinc alloy high- 
pressure die castings superior in every way. 


We will help you with your design 
and production problems. Write us. 


Quality finished zinc die castings since 1933. 


ws 


E51-00D 


Feather touch operating torque (4 inch- 
grams max.) 


Friction-free blade pivot 


Lateral rock-wipe contact action 


ee 
a 
®@ Positive stops molded in case 
@ Rated: UL 5 amps/250 V a-c 


Extremely low operating force and precise toler- 
ances provide positive electrical control for pres- 
sure indicators, sensing timers or relays, office 
machines and vending machines. Operating 
force can be varied by length of actuator wire 


Your switching problems may find so-, REFRIGERATOR HARDWARE + FASTENERS 


lution from over 8,000 Cherry switch RANGE HARDWARE + CABINET HARDWARE 
variations.Write for complete literature 


% NATIONAL LOCK COMPANY 
p> HERRY rene —J Industrial Hardware Division 
1647 DEERFIELD fRobucrs CORES RATAN ROCKFORD, ILLINOIS 
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TO THE ENGINEER 
who wants to transfer 51 circuits simultaneously 


If you need simultaneous transfer of a large 
number of circuits without fail, take a look at 
AE’s new WQA relay. It will do the work of 
four or more heavy-duty, general-purpose 
relays each with maximum spring pile-ups, 
and sustain 50 million or more operations 
without readjustment. 


In the WQA relay, all moving springs pass 
through holes in a unique actuating “card.” 
Moved directly by the armature, the card in 
turn actuates all the moving springs. This 
method of operation pre-establishes exact 
timing and sequence of all spring operations, 
and at the same time assures perfectly syn- 
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AE Series WQA 
Quick-Acting 
Wire-Spring Relay 
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chronized “break-before-make’” on allcircuits. 


Contact capacities on WQA relays can be 
custom-tailored to your needs, with either 
one, two or three levels of contact assemblies 
available, each with a capacity of 17 Form C 
combinations. Other Forms available. 


Our circuit engineers will be pleased to work 
with you in adapting the WQA to your spe- 
cific design. Or, if you wish, they’ll take on 
the complete packaging job. 

If you’d like more information on the WQA 
relay, address your request for Circular 
1957 to: Director, Control Equipment Sales, 
Automatic Electric, Northlake, Illinois. 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS (ae) 
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> Baldor Motor spe- 
cially-designed for 
the Southwestern 
Engineering Co., 
Los Angeles. This 
motor, with eccen- 
tric weight on both 
ends of shaft, is 
the drive mechan- 
ism for their effi- 
cient SWECO Vibro- 
Screen Separator 


Another version of 
same motor de- 
signed by Baldor 
to fit a specific 
application. Result 
is a highly efficient 
power-plant that 
keeps equipment 
operating with a 
minimum of down- 
time. 


a 


unique engineering service 
design the one right motor 
for your equipment! 


To assure maximum efficiency from today’s highly complex 
and precision-built equipment, more than just a standard- 
type motor is needed to supply the power. It has to be de- 
signed and engineered to fit the specific application—not just 
adapted to the equipment. 


Baldor’s staff of extremely competent engineers has played 
an important part in helping many original equipment manu- 
facturers develop motors that are “tailor-made” for their 
particular requirements. 


This outstanding design and engineering service is yours with- 
out delay or obligation. Contact your local Baldor represen- 


tative or write direct. 


Electric Company 
Available 


in 4353 Duncan Ave. e St.Louis 10, Mo. 
Old 


a District Offices: Atlanta « Chicago « Cleveland « Dallas e Dayton 

Des Moines ¢ Detroit « Litchfield, Conn. « Los Angeles « Milwaukee 
NEMA Minneapolis « New York e Kansas City, Mo.e Oakland « Philadelphia 
Frames! Portland, Ore. « Syracuse 


Our 40th Year! 


Over 500 Authorized Sales & Service Distributors in U.S. A. 
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lubricating bearings made from 
powdered metal are available. 

In addition, a nearly frictionless air 
bearing has been designed. Flotation 
of shaft is accomplished by introduc- 
ing air under pressure through porous 
powdered-metal bearing to fill space 
between shaft and bearing surface. 
Speeds from approximately 0 to 400,- 
000 rpm are possible. Amplex Div. of 
Chrysler Corp., Detroit 31, Mich. (Booth 
1125) 

Circle 580 on postcard at end of book 


MERCURY-WETTED RELAY 


Mercury-wetted contact relay offers 
speeds up to 100 operations per sec. 
SPDT Form D contact rating is 250 va, 
500 volts max, 5 amp max (with suit- 


wERCURY WETTED 
CONTACT REtay 


(s) 


able protection). Life in the order of 
billions of operations. Applications in- 
clude computing systems and signaling 
devices. Adams & Westlake Co., Elk- 
hart, Ind. (Booth 1038) 
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WIRE-THREAD 
INSERTING TOOL 


Small automatic inserting tool for 
high-speed production installation of 
wire-thread inserts is capable of driv- 
ing up to 1200 inserts per hr. Weigh- 
ing 18 oz, gun can be remotely oper- 
ated up to 8 ft from hopper-feed mech- 
anism. Foot-actuated switch ejects in- 
sert from hopper through nylon tube to 
inserting tool tip. Operator presses tool 
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precision engineered 
contro/ switches 


designed with 
brand new features 


Keeping pace with design engineers, Circle F 
offers modern control switches for every possible 
application. New economies are now 
possible through the use of standard switches 
readily modified to meet any particular 
specification. Circle F’s advanced standards 
of quality-controlled manufacture makes 
possible assembly-line production of 
highest quality “custom-made” switches 
in less time and at lowest costs. Whatever 
your need, write Department S for 
fullest information and helpful 
engineering assistance. 


M-1886-L4P 
NEW “PADDLE” NEW THREADED 


HANDLE SWITCH PLUNGER SWITCH 
for any cap 


Ww 


CIRCLE F’s 

“Fine” Silver Contacts 
reduce arcing on 
slow-make, slow-break 
AC and insure long, 
dependable switch life. 


F CIRCLE F MFG. CoO. 


TRENTON 4, NEW JERSEY + For your wire requirements: Eastern Insulated Wire Corp., Box 591, Trenton, N. J. 
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TROMBET TA SOLENOID CORP. 


WISCONSIN 


Phone BRoadway 1-8347 


MILWAUKEE 
329 N. Milwaukee Street U.S. A 


NE DOUBLE-ACTION 
SOLENOID BRAKES! 


from 1,400 ft. lbs. to 75,000 ft. Ibs. capacity. 


by IN 1924 MR. TROMBETTA 
’ GAVE THE WORLD THE 
/ 4 COMMERCIAL SOLENOID. 


AVAILABLE IN 

WHEEL DIAMETERS 

RANGING FROM 

18” to 72”. 

FAST OPERATION —NO MOVING PARTS WHEN BRAKE IS IN 
OPERATION. Laminated long stroke solenoids used in Trombetta brakes 
are fast operating, fast releasing. All difficulties resulting from slow 
operating torque motors and other make-shift operators completely elimi- 
nated. When operated on direct current there is nothing moving, and watt 
consumption is only about 40 watts for biggest brake. 

LONGER PERIODS BETWEEN ADJUSTMENTS. Long stroke sole- 
noids use only about 65% of stroke to release brake; other 35% for lining 
wear. Most durable lining is used — takes longest time to wear. Lining 
with most constant coefficient of friction gives uniform service. 


wo Down Time: NO DOWN TIME!! NO DOWN TIME!!! NO DOWN TIME!!!! 
Trombetta Double Action Solenoid Brakes use two solenoids: one operates 
brake, the other is kept as spare. If one solenoid fails, the spare is put 
in use instantly. Failing unit can be replaced while brake is in operation. 
Trombetta solenoid brakes are SOLENOID e | | i 
operated by either alternating or rents zZ — | Vile. | 
rectified current. When operated | r if] 
by rectified current, twin rectifiers 
are used, one to operate solenoid, 
other as a spare. Selective switch- 
\ 


es used to change from failing 


rectifier to good one, again elimi- 
nate down time. 


ere) 
SOLENOID 
N&2 


Trombetta Theta line of brakes ranging from 3 ft. lbs. to 
75,000 ft. lbs. are for alternating current, direct current 
(series or shunt); hydraulic or air operation, 


Trombetta also manufactures solenoids for all requirements, and Recipromotors and Semotors. 
Write for Bulletin EE 222. 


“TROMBETTA”’ 


is the answer to all questions pertaining to: 
SOLENOIDS, SOLENOID OPERATED BRAKES, RECIPROMOTORS, AND SEMOTORS 
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forward against tapped hole. When in- 
sert is installed to preset depth, driving 
mandrel automatically stops. Heli-Coil 
Corp., Danbury, Conn. (Booth 1828) 
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VARIABLE-SPEED PULLEYS 


Five variable-speed pulleys, (typical 
pulley illustrated) including adjust- 
able motor bases, V-belts and V-belt 
sheaves, have been added to the manu- 
facturer’s line of cam-operated pulleys. 
Pulleys utilize narrow V-belts and pro- 
vide speed ratios of 3-1. They are rated 
for 1, 144, 2, 3 and 5 hp motors at 
750 rpm and for 34 to 344-hp motors 


at 1150 rpm. Pulley top widths are 
from 7% to 1%¢6 in. Standard bore sizes 
are 5, 34, Ys, 1 and 1% in., with bore 
lengths from 2% to 35% and motor 
travel for full speed range 31% to 4 in. 
Cam-operated pulleys give infinitely 
variable speeds on any constant-speed 
motor with narrow V-belt. Lovejoy 
Flexible Coupling Co., Lake St., Chi- 
cago 44, Ill. (Booth 1504) 
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ELECTRIC VIBRATOR 


Model DHE-111 vibrator has the vibra- 
tional orbit close to and parallel with 
hopper wall, thereby eliminating need 

(Continued on page 374) 
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miniaturized 


Silicon Rectifier 
STACKS 


No aging 


Excellent regulation 


Wide range of operating and 
storage temperatures 


Designed to meet military 
environmental requirements 


Hundreds of cell combinations 
available — Special circuit 
configurations designed 

to your order 


Semiconductor Div 


Left: 420V RMS input; 
6 amps @ 25° C.; 
2 amps @ 150° C. 


Right: 420V RMS input; - 
3 amps @ 25° C.; 1 amp @ 150° C. 


The same high efficiency, reliability and 
long lived silicon rectifiers that have made 
General Instrument famous in the field are 
now available in stack assemblies. 
Arranged in stacks of up to twelve fins to 
produce hundreds of different circuit com- 
binations, they are supplied in a range from 
1 to 18 amperes, and from 15V D.C. output 
to 750V D.C. output. 

As always, General Instrument’s mass 
production experience and techniques make 
them available in production quantities at 
truly competitive prices. Additional techni- 
cal information is available upon request. 
Write today. 


GENERAL INSTRUMENT CORPORAT 
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SAVE TIME, CUT COSTS... fill out this 


Howard offers a complete line of low 


cost fractional H.P. motor parts sets 


Ratings from 1/200 to 1 H.P.—Keep costs 
down—check with us if you have an application 
using individual fractional H.P. motor parts. 
Howard stock sets fit thousands of varied require- 
ments . include armatures and fields, brushes 
and brushholders, rotors, stators and fans . . . power 
your products and appliances with proven superior 


quality. Our large selection of standard models and 
new semi-automated production facilities let us 
offer lowest prices in the field. Shown here are just 
a few of the parts sets in the Howard line. Fill out 
the convenient data sheet for further details and 
prices on the parts sets that meet your needs! 


SPECIFICATIONS 


FIELDS COMMUTATORS 
No. of Outside Inside Core Sizes # No. of 


Slots Diameter | Diameter! Available Bar Insulation Hubs 


ll 2.628 1.421 %,'% paper, mica molded 
11% bakelite, or or 
nylon steel 


%,1, paper, mica, _bakelite 
1%, 1% bakelite, or or 
nylon steel 
%. A, paper or stee! 
‘Ko 1 mica 


, paper or steel 
M4 tis mica 
1%, iy. paper steel 
1%, 2 


1% paper or steel 
mica 


paper or steel or 
mica bakelite 


ALL MODELS: 
SHAFTS: 


Shafts are ground from centers for concentricity. Special flats, worms, etc., 
can be cut on shafts if required. C.R. Steel is normally used, however stress 
proof or various types of stainless steels can be furnished if desired 


INSULATION: 


Armatures have a fiber end insulator at both ends of the steel laminations 
The inside of the slot is insulated with varnished cambric. The armature is 
wound with heavy formvar copper wire 


LAMINATIONS: 


Laminations are stamped in sets from 24 or 26 gauge improved electrical 
sheet steel. They are riveted together under pressure in an expanding die 
The outside diameter of the field can be ground to customer's specifications 
Field coils are wound with heavy formvar copper wire, taped with cotton 
rayon tape, inserted in field core, then double dipped and baked in an in 
sulating varnish. Field leads can be cut to desired length 


MISCELLANEOUS: 


Brush holders and caps with correct brush assemblies can be supplied upon 
request. Special length cores can be made if required. Armatures can be either 
statically or dynamically balanced, or both, if required 
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spec sheet and send for samples and prices 


Hi oO WA he D Fill in this form as completely as you are able with available information and send 
it to Howard Industries. This will enable us to quickly provide you with samples 
ENGINEERING DATA SHEET and prices for the specific job you have in mind. If you would like general informa- 
tion on Howard Motor Parts Sets or other motors in the Howard line, your in- 
FOR MOTOR PARTS SETS quiry will receive prompt attention. 


Company 

Address 

City Zone State 
By Title 


1. Describe general operation: 


2. Power Supply: Volts Phase Cycles 


3. Running load requirements and conditions: 
A. Full-load running speed RPM 
B. Direction of rotation looking at shaft: Clockwise Counter-clockwise 
C. Continuous Load H.P. or Oz. In. Torque 
D. Intermittent Load H.P. or Oz. In. Torque 
1. Length of time at full load Min. 
2. Idle running min; Time at rest 
3. Maximum momentary torque oz. in. 
4. Number times per hour load capacity is repeated 


4. Space available: 
A. Maximum diameter 
B. Maximum length 
C. Set dimensions to be interchangeable with competitors 


5. Bearing and Journals: 
Ball bearing Sleeve Bearing 


6. Shaft Extension: 
A. Single Both ends 
B. Diameter 
C. Length 
D. Describe special shaft features: 


mes CUT OR TEAR OUT COMPLETED FORM AND MAIL IMMEDIATELY | coum 


. / UNIVERSAL & D.C. 1/200 to 1 h.p. / INDUCTION 1/1400 TO 1/4 
Other Howard Meters: / SHADED POLE 1/2000 to 1/8 h.p. / SERVO MOTORS / GEAR moTORS / BLOWERS 


HOWARD INDUSTRIES, INC., 1720 State St., Racine, Wis., Telephone ME 2-2731, Teletype; RAC344 


Sales Offices Festus, Mo., 1049 Front St., YE 7-3606 
Chicago area: 576 Northwest Hwy., Des Plaines, Ill, Los Angeles 36, 942 S. La Brea Ave., WE-8-2444 
VA7-6173 New York area: 157 Broad St., Redbank, NJ., 


Cincinnati 2, O., 1077 Celestial St., PA 1-2985 SH 1-3356 


Representatives in Principal Cities —Consult Your Clossified Phone Book 


DIVISIONS: G99 ELECTRIC MOTOR CORPORATIONG) CYCLOHM MOTOR CORPORATION((S) LOYD SCRUGGS COMPANY 
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direct-current 


TACHOMETER 
GENERATOR 


permanent-magnet 


APPLICATIONS 


SERVOS The highly linear output 
and wide speed range are ideal 
for velocity or integrating servos. 
Low driving torque permits its use 
as a damping or rate signal in all 
types of servos. 


INDICATING TACHOMETER Match- 
available 
from stock in various speed ranges. 


SPEED TRANSDUCER 
as a speed transducer in connec- 
tion with fast-response direct-writ- 
ing oscillographs. 


ing indicating meters 


ideal for use 


FEATURES 
SIZE Miniature. Approx. Dia. 1%”. 


OUTPUT Various models with out- 
puts as high as 24 v/1000 rpm. 


LINEARITY Linearity from O to 
12,000 rpm is better than 1/10 of 
1% of voltage output at 3600 rpm. 
BRUSH LIFE Better than 100,000 
hours (10 years) of continuous 
operation at 3600 rpm. 
BIDIRECTIONAL OPERATION Out- 
put in either direction is held to 
ao % of 1% tolerance. 

RIPPLE The rms value will not ex- 
coed 3% of the d-c value at any 
speed in excess of 100 rpm. 


CONSTRUCTION Aluminum hou:- 
ings with protective treatment; 
stainless steel shafts; fully shielded 
bali bearings; Mylar insulation. 


+ 
SEND FOR COMPLETE DATA 
SINGLE UNITS FROM 933 3B -50 
quantity discounts 


Sewe-"Tek ne 


Main Office 
1086 Goffle Road, Hawthorne, N. J 


Western Office 
14736 Arminta Street, Van Nuys, Cal 
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for reinforcing plate on thin hopper 
materials. Quick-operating clamp 
mounts can be furnished. Unit offers 
stepless speed control from 2000 to 
10,000 vibrations per min. Forced-air 
cooling used. Operation is on 115 volts 
Rheostat used for speed con- 


Nepon- 


a-c or d-« ° 
trol. Martin Engineering Co., 
set. Ill. (Booth 1903) 

Circle 584 on postcard at end of book 


POLYETHYLENE TUBING 


Four las of Parker-POL tubing are 
available: 14 in. OD * 0.040 wall thick- 
ness, 5/16 x 0.062, 34 x 0.062, and % 
x 0.062. Black is standard; other colors 
offered on special order. Temperature 
range is —90 to +175 F. Tubing is 
used for piping instrument panels, for 
temporary laboratory set-ups, in short 
spans around units in a fluid-handling 
system, and on equipment when prop- 
erly supported. Parker Fittings & Hose 
Div., Parker-Hannifin Corp., 17325 
Euclid Ave., Cleveland 12, Ohio. 
(Booths 1339, 1436) 

Circle 585 on postcard at end of book 


INDUSTRIAL CASTERS 


Dual-wheel, self-aligning caster 18- 
10X4 is designed for heavy-duty ap- 
plications. Caster with two press-on 
tires has roller bearings and four-posi- 
tion lock. Other casters for ground- 
support equipment and other military 
requirements are also offered. Models 


\ 


Quality 
Controlled 


ls RMIS US 


7 Th us 
Offer < @ 


EXTRA 


/ BENEFITS 
Y to You— 


your product 
your sales 


EXTRA benefits because VECO prod- 
ucts are backed by years of manufactur- 
ing and design experience in solid state 
electronics, a seasoned staff of engi- 
neers, a rigid quality control system, 
and a sincere desire to assist. 


Manufactured to MIL-Q-5923 and 
other applicable MIL standards, VECO 
glass enclosed Thermistors are not ad- 
versely affected by radiation. 


VECO also manufactures Experimen- 
tation Kits, Thermal Conductivity Cells, 
Temperature Sensor Assemblies, Medi- 
cal and Biological Instrumentation and 
a wide variety of Temperature Sensing 
Devices. 


Write for free VECO 
Technical Catalog 
with data on more 
than 650 VECO 
stock items. 


AT 
ae 


© 
a 


Cataloged in EEM Sec. 4700 


and Radio Master. 
2 


Mi Victory 


109 Springfield Road, Union, N. J. 
MUrdock 8-7150 
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1} 


For the 


world's finest 


RAEN 


Teeth-jarring circuit vibration a problem? How 
about searing temperatures, lOOOF® plus? 


Maybe metal-eating salt Spray or corona is your 
circuit nemesis 


No matter what the problem is or where by 
specifying AMP, you can pick the exact solder 
less terminal for your requirements from the 
broadest line on the market—whether you re 
quire the great production speed of an AMP 
Automachine or the small run productivity of 
an AMP precision hand tool 

In fact when you specify AMP, you pick the 
surest route of all to consistent, economical 
circuit reliability. If you want a better way to 
design and manufacture your circuits, send for 
the full story on AMP's solderless termina 


tion program 


AN - hd OrRPORAT EL 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia « Canada + England « France + Holland « Italy + Japan « West Germany 
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VACUUM IMPREGNATING 


J. P. Devine’s Contribution 
to the Electrical Industry 


Vacuum processing, first introduced into the United States over 
50 years ago by J. P. Devine, opened whole new areas for the 
electrical industry, resulted in a better product at less expense, 

Today, J. P. Devine remains one of the outstanding 
producers of vacuum processing equipment, still serves the 
electrical industry. Devine horizontal and vertical vacuum pres- 
sure units are now in daily use around the world helping to 
produce quality electrical products. For instance, the Devine 
impregnating system pictured above is completely automatic, 
unitized—and simultaneously processes 24 small integral KVA 
transformers. It produces a high capacity transformer, able to 
meet the most critical demands. 

As are most Devine impregnators, this one was designed 
to solve a specific problem and produce a better product. They 
are adaptable to the most modern processes and materials; 
Devine impregnators, for instance, are ideal for processing with 
100 per cent solid epoxy type resins. J. P. Devine engineers 
are happy to help you with electrical processing problems; 
learn how Devine Vacuum Impregnating can benefit you. 


Write for our new Catalog No. 202, “Devine Vacuum Pressure Impregnators’’ 


Other J. P. Devine Products for the Electrical Industry: 
© Vacuum Drying Equipment © Vulcanizers © Mixers and Blending Equipment 


A UNIT OF 


J. P, DEVINE MFG. CO. K@ ix 


49th St. & A.V. RR 


PITTSBURGH, PA 


New York Office: 500 Fifth Ave., New York 36, N.Y. Phone: Wisconsin 7-7769 
Export Office: 50 Church St., New York, N.Y. Cable Address: ‘‘Brosites” 
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INDUSTRIES 


embrace grease-sealed and = spring-ac- 
tion types. Faultless Caster Corp.. 
Dept. PR-188, Evansville 7, Ind. 
(Booth 2202) 

Circle 586 on postcard at end of book 


MINIATURE ROTARY 
LIMIT SWITCH 


Switch SLS-2 is intended for use in ap- 
plications requiring a fixed number of 
revolutions or fractions thereof of 
rotating shafts, such as servomecha- 
nisms in which mechanical stop pro- 
tection is required as well as actuation 
of electrical switches at each end of 
the preset limit. Switch supports four 
snap-action switches. Two switches are 
mounted at each end of slide bar. Pre- 


setting of slide bar and positioning of 
switches results in one switch being 
NC, the other NO. When pinion reaches 
stop collar, further shaft rotation actu- 
ates both switches on that end. Use of 
21 and 22 tooth pinions allows approx- 
imately 0.8 deg adjustments through- 
out range of 32 turns. Torque to actuate 
switches, 114 to 2 oz-in.; torque to rotate 
shaft between stops, 0.005 oz-in. ap- 
prox. Arch Instrument Co., Inc., 101 
Holmes St., North Quincy 71, Mass. 
(Booth 222) 

Circle 587 on postcard at end of book 


ALUMINUM NAMEPLATES, 
DIALS AND TRIM 


Three-dimensional, multi-color anodized 
aluminum foil is available in 0.005 and 
0.008 in. gages, and is made into name- 
plates, decorative trim, control panels, 
and other design components. Process 
is to selectively anodize any number of 
polished and matte colors on one sheet 
of foil, then emboss any elements of 
the design in full relief, aligned with 
anodized legend or pattern. Nameplates 
are coated on reverse side with various 
adhesives. Flexibility of foil permits 
mounting around any inside or outside 
radius. Plates are available blanked 

(Continued on page 380) 
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BENDIX* 
PYGMY* 
MINIATURE 
ELECTRICAL 
CONNECTORS 


* TRADEMARK 


THE PT SERIES 
(Typical of PC and SP) 


3-Point Cam Lock 
Back Panel Mounting Wall Cable 
Mounting Receptacle Connecting Plug 


3-Point Cam Lock Double Stud Thread 


FAMILY FEATURES 


5 Key Polarization on PT & SP Series 
Heavily Gold Plated Contacts 


Moisture and Vibration Resistant 


Lightweight, Compact 
Resilient Inserts 

Closed Entry Sockets 
MS Mtg. Dimensions on PC & PT Series Quick Disconnect—All Series 


Box Mounting 


TERMINATIONS 


“A"’ General Duty 


Receptacle 


Jam Nut 
Receptacle 


Solder Mount 


Straight Plug 


Thru-Bulkhead 
Receptacle 


High 


SR) Strain Relief | ‘'E'’ Open Wire Seal “W"' Cable Seal Receptacle Ambient (In Design) 


Specify Bendix Pygmy Miniature Electrical Connectors for the minimum space and weight required to serve the most critical circuitry. 
a 
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Export Sales & Service: Bendix International 
Division, 205 E. 42nd Street, New York 17, 
N. Y. Canadian Affiliate: Aviation Electric Ltd., 
200 Laurentien Bivd., Montreal 9, Quebec. 


Scintilla Division 


SIDNEY, NEW YORK 





CONTACT 
QUALITY 


All Deringer contacts are 100% 
guaranteed to meet all specifica- 
tions. Frequent inspection dur- 
ing production and thorough 
final inspection make this 100% 
guarantee possible. 


and expanded services include 
silver cadmium oxide contacts, 
precious metal stampings, weld- 
ing and staking assemblies, 
many secondary operations, etc. 


DELIVERY 


faster than others can process 
an order. When speed is im- 
portant, specify Deringer. 


All Deringer contacts are com- 
petitively priced. You pay no 
premium for the Deringer 100% 
quality guarantee and faster de- 
livery. 


CONTACT CATALOGS 


FREE ...write today. 300 
standard size contacts are listed 
plus valuable information re- 
garding precious metals, special 
contacts, etc. 





From 


Illinois Tool Works’ 


: Ds 


unique family 


of gears 


oI 
“0000800 Wem 


SPIROID® GEARS 


new gear economies 
with new gear efficiencies 


HELICON’ GEARS 


Shown here are typical examples of 
outstanding developments in right- 
angle gearing introduced by Illinois 
Tool Works. Pictured above is a Spiroid 
gear, the first major advancement in 
gearing in thirty years. 

SPIROID® GEARS do the same job 
as worm gears with this notable excep- 
tion: they do it more economically and 
more efficiently in less space. They are 
recommended for application in the 
field of medium to high-ratio right-angle 
gearing. For maximum economy they 
may be sintered, molded or cast in 
metal or plastic; however, even 
hardened steel Spiroid gears for maxi- 
mum power transmission are manu- 
factured more cheaply than worm gears. 


PLANOID® GEARS are low-ratio 
gears competitive with bevel and hypoid 
gears in efficiency and performance, 
but are manufactured at lower cost. 


HELICON® 
GEARS bring even 
greater production 
economy to high 
quantity applica- 
tions than is pos- 
sible with face, bev- 
el or worm gears. 


Send today for these new gear 
booklets Free booklets are available giv- 


ing complete information on the design, 
manufacture, applications and advantages 
of each of these gears. Request your copies 
today. 


Spiroid 
DERINGER | gears 


Metallurgical Corporation | SPIROID DIVISION OF 


ILLINOIS TOOL WORKS 
8131 Monticello Ave., Skokie 6, Ill. 
2501 North Keeler Avenue Chicago 339, lilinois 
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FROM ‘Trangitron...inoustry's BROADEST LINE OF 


CONTROLLED RECTIFIERS « SWITCHES 


(11/16) 


(7/16) 


SILICON CONTROLLED RECTIFIERS are now 
available in both the %.” hex and 'Y.5" hex 
base packages. Replacing thyratrons and mag- 
netic amplifiers in many applications these 
rugged devices offer greater reliability and in- 


THE TRANSWITCH is a new bi-stable silicon 
computer element that can be turned OFF 
with a gate current. Extremely uniform elec- 
trical characteristics over a wide current range 
(2-50 ma) permit the device to fulfill low level 


creased efficiency. Some typical applications logic and medium power needs. The device 
are: is designed for: 

¢ industrial control ¢ miniaturized memory circuit 

* lighting control ¢ ring counters 

¢ solid state inverters ¢ shift registers 

* overvoltage protection « controlled rectifier driver 

¢ short circuit protection ¢ flip-flop equivalent 


Write for Bulletin TE-1356 Write for Bulletin TE-1357A 


Max. average amps 
Forward current Hex size 
TYPE at 25°C case | at 100°C case of Package 


TCR 520 Typical | Maximum Test Conditions 


TCR 1020 
Saturation Voltage Vs Volts lc = 50mA 
Forward Leakage Current Ir pA AT RATED 
rt 


Reverse Leakage Current Ip 0.1 VOLTAGE 


at 25°C Uniess 


SPECIFICATIONS AND TYPICAL CHARACTERISTICS (otherwise Stated 





Forward Leakage Current Ip 20 at 125°C 





Gate Voltage to 
Switch “ON” Ve on 0.7 Ri = 1K 


TCR 4010 Gate Current to 

Switch “ON” lc on 0.1 j Ri = 1K 
TCR 503 
TCR 1003 
TCR 1503 
TCR 2003 
TCR 2503 
TCR 3003 
TCR 3503 
TCR 4003 





Gate Voltage to 
Switch “OFF’’ Ve off 1.2 


Gate Current to 
Switch “OFF” le off 7.0 mA lc = 50 mA 





Volts lc = 50 mA 





OO nnnuwn 
MMMRNMMNRNYD 


Holding Current In 2.0 i mA Ri = 1K 


See Transitron at the AFCEA Show, Booths 157-158 


‘Tra ngitron 1 


electronic corporation « wakefield, massachusetts 


“Leadership in Semiconductors” 





Give your products 
MORE RELIABILITY and 
BETTER PERFORMANCE with 


QUALITY 


AVAILABLE FROM STOCK 
FOR IMMEDIATE DELIVERY 


HERMETICALLY SEALED, 
MIL STANDARD 
PULSE TRANSFORMERS 


Maximum power efficiency and optimum 
pulse performance. 

For use in blocking oscillator, interstage 
coupling and low level output circuits. 
Ruggedized construction — Grade 4. 
Series or parallel connection of windings 


for optimum turns ratio. 
£ DM-18 


Pulse Voltage 
Kilovolts 


0.25/0.25/0.25 
0.25/0.25 
0.5/0.5/0.5 
0.5/0.5 
0.5/0.5/0.5 
0.5/0.5 
0.7/0.7/0.7 
0.7/0.7 
1.0/1.0/1.0 


MIL Type 
TRARX35YY 
“TFARX35YY 
"TRARX3SYY | 
TFARX35YY 
TFARX35YY 
TFARX3SYY 
TFARK35YY 
TFARX35YY 

“| TRARX35YY 

TFARX35YY 1.0/1.0 
TFARX35YY | _1.0/1.0/1.0 
TeaRXaSYY |0.15/0 15/0.3/0.3 
































Ruggedized, 


MIL STANDARD 
POWER & FILAMENT TRANSFORMERS 


Primary 105/115/125 V 50-60~ 


Appl [mit Std. MIL Type 
Plate & Fil. | 90026 | TF4RXO3HAOO! 
Plate & Fil 90027 | TF4RX03JB002 
Plate & Fil. | 


I 90028 | TF4RX03KB006 
Plate & Fil. | 90029 
Plate & Fil. 





TF4RX03LB003 
TF4RXO3MB004 
TF4RX02KBO01 
TF4RX02LB002 
TF4RXO2NB003 





ilament TF4RXO1 EBOO2 
TF4R X01 GBOO3 
TF4RX01 FBOO4 
TF4RX01 HBOOS 
TF4R X01 FBOO6 
TF4RX01 GBOO7 


TF4RXO1 JBOO8 


Filament 
Filament 
Filament 
Filament 
Filament 


PARTIAL LISTING ONLY 


WRITE FOR FURTHER INFORMATION ON THESE 
UNITS OR SPECIAL DESIGNS. ’ 


Send for NEW 48 page transformer catalog. Also ask 
for complete laboratory test instrument catalog. 


FREED 
TRANSFORMER CO., INC. 


1730 Weirfield Street 
Brooklyn (Ridgewood) 27, New York 
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with any size or shape opening, cut to 
any contour, and pre-formed if de- 
sired to fit over inside or outside 
corners. Adhesive backings may be 
activated by solvents, heat or pressure. 
Industrial Design Service, Park Name- 
plate Co., Inc., 34-10 Linden Place, 
Flushing 54, N. Y. (Booth 911) 
Circle 588 on postcard at end of book 


PUSHBUTTON SWITCH 


Guarded pushbutton starter switch 
Type 9231 has a recessed knurled face 
nut, to prevent button from being 
accidentally depressed. Will accommo- 
date 6, 12 and 24-volt systems. Unit has 
contacts and contactors 


silver inlaid 





and is weather-proof. Button and face 
nut are chrome-plated. Switches may 
be used for marine, industrial and other 
equipment. Unit overall dimensions, 2 
in. long x 11% in. wide. Mounting stem 
is 34 in. diam. Cole-Hersee Co., Boston, 
Mass. 

Circle 589 on postcard at end of book 


SELF-LOCKING 
SOCKET SCREWS 


Line of socket screws features a self- | 
locking insert of nylon-type polymer. 
Insert of fastener does not protrude 
and thus passes through normal clear- 


Whatever Your 
Varl-speed 
ACLU ICEL eee 


has the answer... 


@ Variable speed pulleys with 
exclusive cam and cam follower 
feature that assures constant 
speed regardless of load varia- 
tions. Ratios to 2.6 to 1. Frac- 
tional to 2% hp. 


@ Wide V-belt variable speed pul- 
leys with cam and cam follower 
feature as above. Speed ratios to 
3 to 1. Fractional to 3% hp. 


@ Hi-Ratio variable speed pul- 
leys for economy and exceptional 
efficiency at speed ratios as high 
as 7 to 1 


@ Dual ratio compound drives to 
provide a compact unit for obtain- 
ing speed ranges not possible with 
a single pulley. 


@ Motor bases in a full range of 
types and sizes: adjustable, tilt- 
ing and movable countershaft. 
Also motor frames. 


@ Wide V-belt sheaves and wide 
variable speed belts, sizes from 
.087 to 14 


You'll find the answer to any vari- 
speed application in Hi-Lo’s complete 
line. Ask for recommendations on your 
requirement. Request Bulletin HL-60. 


affiliate of 
LOVEJOY FLEXIBLE 
COUPLING COMPANY 
4952 H West Lake St. 
Chicago 44, Ill. 
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MAY 1960 


THOR 
MACE 
TITAN 
HAWK 
ATLAS 
SNARK 
NIKE B 
BOMARC 
NIKE ZEUS 
SPARROW | 
SPARROW I! 
SPARROW Ili 
NIKE HERCULES 
SIDEWINDER 
REGULUS I! 
VANGUARD 
REDSTONE 
JUPITER C 
PERSHING 
BULL PUP 
MERCURY 
POLARIS 
CORVUS 
FALCON 


"“@ Designs Assembly Savings Into 
Critical Miniature/ Instrument Ball Bearings / 


Helping customers simplify instrument assembly is a 
specialty of the N/D engineering group. How? Through 
creative Miniature/Instrument ball bearing application 
and design. Often, a new ball bearing design will pro- 
duce assembly savings in excess of its additional costs. 
Integral ball bearings, too, very often cut down difficult 
and costly hand assembly of shaft and parts. 


A timely example of N/D customer assembly savings 
can be seen in Nike Ajax and Hercules missile ground 
support. Here, special N/D Instrument ball bearings are 
now used in precision potentiometers. New Departure 
engineers recommended eliminating two single row 
instrument bearings, mounted in duplex and requiring 
precision spacer and separate guide roller. They 


replaced this assembly with a special N/D double row 
high precision instrument ball bearing with integral 
outer race guide roller . . . and shaft mounted with a 
nut. This one recommendation produced cost savings 
of over 400%] In turn, the customer was able to reduce 
the potentiometer selling price to the government. 
What's more, the New Departure Instrument Ball Bear- 
ings improved potentiometer reliability! 


You can look to minimum assembly costs and unsur- 
passed reliability. Include an N/D Miniature/Instrument 
Bearing Specialist in your early design level discussions. 
For immediate information or assistance, call or write 
Department L.S., New Departure Division, General 
Motors Corporation, Bristol, Connecticut. 


4 


Rez 


me SV Ce 


fay FT! 


MINIATURE £1 VUMENT BALL BEARINGS 


‘proved reliability you can build around 
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Oil-tight 


S Dust-tight 


MULTIDOOR 


NEMA 12 PANEL ENCLOSURE 


These quantity-produced stock enclosures will save you engi- 
neering time and delivery time with assurance of superior quality. 

They are manufactured to NEMA 12 and JIC standards and 
are completely oil-tight and dust-tight. Available in 3, 4 and 5 door 
models measuring 86” high, 15” deep and up to 15 4’ long. Made of 
10 gauge steel with a strong steel framework inside to provide rigid 
support. All seams welded, and there are no holes. 

A mechanical door interlock is standard, and an electrical 
interlock is available. Doors have 3-point, roller latches for easy 
closing. Large interior panels are removable. 


Do you have wire 
installation problems? 


Would you like an easier 
way to install and modify 
wiring systems? 


The Hoffman oil-tight LAY- 
IN Wireway is the newest 
and fastest way of installing 
wires with protection against 
oil, dust, dirt and water. You 
don’t pull wires thru—you 

just /ay them in along 

an entire wireway run. 


USE THIS 
OIL-TIGHT 


TIME-SAVING jn 


LAY-IN WIREWAY 


(PATENT PENDING) 


All covers including fittings are hinged to permit 
easy laying in of wires and subsequent modification. 
Covers are gasketed to seal out oil, dust and water. 
Four standard sizes: 2'4" x 2'4", 4° x 4°, 6" x 6", and 


12” x 6" in lengths up to 10’ with Elbows, Crosses 
and other fittings. Made to JIC standards. 


Oil-tight Industrial Control Consoles 


Optional Top 
Ponel 


Removable 
Desk 


Removoble 


Control 


Panel 


Sub-panel 
inside 


These handsome Hoffman units are 
immediately available from stock 
and save you design expense and de- 
livery time. They are flexible in de- 
sign with optional top section and 
optional writing desk. Rigid steel 
construction with welded seams. All 
panels removable and sealed against 
oil, dust and water. 


ENGINEERING 
CORPORATION 


Dept. EM 151, Anoka, Minnesota 
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ance holes. “Long-Lok” inserts of poly- 
mer are available on socket-head cap 
screws (1936 and 1960 series), set 
screws, button heads, flat heads, 
shoulder screws and pipe plugs. Parker- 
Kalon, Clifton, N. J. (Booth 635) 

Circle 590 on postcard at end of book 


CHOPPERS 


C1440 Series Synchroverter relay is a 
high-speed, low-noise model for switch- 
ing low-level circuits. External coil con- 
struction is used for low-noise per- 


formance. Series C1445 relay is a plug- 
in model, high-speed relay which offers 
both low thermal drift and low noise 
level characteristics. The Bristol Co., 
Waterbury 20, Conn. (Booth 430) 
Circle 591 on postcard at end of book 


MINIATURE HOLLOW-SHAFT 
DIFFERENTIALS 


Differentials in both 4% and 3/16 in. 
bore sizes are stocked. Hollow-shaft 
feature allows shaft to be slid into 
position. Clamp-lock device holds shaft 
without pins. End-gear change accom- 


plished by removal of three screws. 
Upon request, chart giving accuracy 
of end gears in relation to spider is 
supplied. Other sizes range from 1/16 
to 14-in. bore size. Superite Instrument 
Corp., 7 Mayflower Place, Floral Park, 
L. I., N. Y. (Booth 414) 

Circle 592 on postcard at end of book 


INSTRUMENT COUNTERS 


Miniature precision counters are suit- 
able for applications requiring low 
torque, durable reliability and high 
speeds. First is a 3-figure counter, reg- 
istering up to 999 and repeat, non- 
reset. Half-inch diam wheels are turned 
aluminum, with hardened, stainless- 
steel transfer elements. Shaft is ball- 
bearing mounted, and can be operated 


(Continued on page 386) 
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ONLY SQUARE D STARTERS 
WiTh ONE-PIECE 
OVERLOAD RELAYS 
GIVE ABSOLUTE PROTECTION! 


e Only Square D makes thermal 
overload relays with 1-piece construc- Heat-respon- 
tion—and only with 1-piece construc- om Pig 
tion can you know you ve installed the provides accu- 
heater correctly. Square D 1-piece rate response 
overload relays can be installed only a aeeee 
one way. They are factory-assembled, 
individually tested and calibrated, 
completely tamper-proof. Repeated 
tripping will not affect accuracy. 

You pay for overload protection — as P< 2 ence 
be sure you get it. Insist on Square D aN Ces) tently joined to solder 
l-piece overload relays for absolute . am Pet, can't become mic- 
protection. 

Square D Company 
Department $4 235 


4041 North Richards Street 
Milwaukee 12, Wisconsin 


Please send me information on Square D 
magnetic starters, along with your simple 
3-minute “jig-saw’’ demonstrator 


COMPANY 
ADDRESS 


OY $$ — — — —— — _______ ZONE__STATE. 


SQUARE J) COMPANY 


wherever electricity is distributed and controlled 
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Robbins & Myers Calculates 
a New Motor Design 


EVERY 1 to 6 MINUTES! 


ReaM Engineers Explore Hundreds of 


Design Combinations to Achieve 


OPTIMUM MOTOR PERFORMANCE! 


How many ways could a motor be de- 
signed — a polyphase motor, for ex- 
ample? At least 27 basic variables offer 
2727 (30 zeros) possibilities! Theory, 
of course, but still there’s a colossal 
number even after obviously impracti- 
cal designs are ignored. Working with 
slide rule, an engineer can calculate 
maybe four designs per day... and 
that’s the time-consuming way it was 
done once. But now RosBins & MYERS 
engineers can explore hundreds of de- 
sign possibilities, using their Data 
Processing System. With infallible ac- 
curacy, IBM’s 20,000 digit “Magnetic 


Memory” is able to calculate a new 
motor design every one to six minutes! 
Because R&M engineers can now ex- 
plore hundreds of design combinations 
before they make a final decision, you 
get the one motor that will deliver op- 
timum on-the-job performance! And 
at no extra cost! 

“Mechanized” mathematics at RoB- 
BINS & MYERs also gives engineers 
more time for design vision and deci- 
sion, which no machine can possibly 
provide ...and enables them to im- 
prove existing motors by probing alter- 
nate design possibilities. 


If you are ordering integral or frac- 
tional HP motors, or series motor parts, 
remember this fact: the greater the 
number of practical design possibilities 
the manufacturer explores before the 
motor is produced, the better the motor 
will perform! When your motor comes 
off the assembly line at RoBBINS & 
MYERS, you can be certain you are get- 
ting the best design possible, perfectly 
adapted to your requirements, and 
quality-built to perform dependably 
for years to come! 


ROBBINS & MYERS, INC. 


motors, household fans, Propellair industrial fans, hoists, Moyno industrial pumps 
SPRINGFIELD, OHIO - BRANTFORD, ONTARIO 
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Design answers in seconds from IBM 
20,000 digit magnetic memory! 


Integral Motors (left), range from | to 
200 HP in single-phase, direct current, 
polyphase, totally-enclosed fan-cooled, 
and explosion-proof types. 


Standard Fractional HP Motors (right), 
are available in polyphase induction, ca- 
pacitor start, resistance split-phase, and 
permanent split capacitor, in open and 
totally-enclosed types. 


Precision-Made Universal Motors and 
Series Motor Parts (left), enable manu- 
facturers of electric power-driven equip- 
ment to make the motor an integral part 
of their product. 


Business Machine and Commercial Ap- 
pliance Motors (right), are available in 
standard or custom designs. 


MOTORS 









REVCOR 


we can keep 
you informed 
of the latest 
developments 


"AIR 


IMPELLERS 


BLOWER WHEELS 


Sirigle and double In- 
let. Diameters from 
3-27/32"' to 15°’. 
Widths 1" to 15”. 
Housings and Inlet 
Rings also available. 


FAN BLADES 


8 types for all 
applications. Di- 
ameters from 6” 
through 48”. 


AVAILABLE 


Free Brochure describ 
ing the complete 


tne anal 


REVCO 


257 EDWARDS STREET 
CARPENTERSVILLE, ILL 
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at 1500 rpm. Second is a tandem 
counter with shutter which is actuated 
in either direction whenever transfer 
point is reached. Can readily be 
adapted for use as straight six-wheel 
counter. Maximum torque is 11% oz-in. 
Veeder-Root, Inc., Hartford 2, Conn. 
(Booth 2316) 

Circle 593 on postcard at end of book 


CABLE CLAMP WITH 
MOUNTING TAB 


Wedge-lock band clamp is available 
with a separate mounting tab. Tab can 
be pre-mounted at support points to 
simplify planning; band clamp and 


wiring are added later. Prior to lock- 
ing, tab easily slides around on clamp 
to desired position. Nylon clamp, used 
by itself or with mounting tab, has 
ratchet teeth on band that engage with 
matching teeth inside clamp loop. Two- 
position, floating wedge is notched and 
engaged with rib on inside of loop to 
provide permanent lock. One size band 
clamp accommodates cable or wire di- 
ameters from 1% to 134 in. Weckesser 
Co., 5701 Northwest Hwy., Chicago 46, 
Ill. (Booth 1124) 

Circle 594 on postcard at end of book 


QUICK-OPERATING 
FASTENER 


Vibration-mount, quarter-turn fastener, 
designed for use where shock resistance 
is important, consists of a quarter-turn 
stud and retainer, with spring installed 
in special mounting assembly. Steel 
spring for closure is bonded into neo- 

(Continued on page 391) 
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space, 
specify... 


VULCAN 


CARTRIDGE 
HEATERS 


Vulcan Cartridge Heaters are 
designed especially to provide 
concentrated heat in small areas 
by insertion into machine parts, 
dies, platens, molds, presses, die 
blocks of embossing machines, 
packaging machines, etc. There 
is practically no heat loss be- 
cause the cartridge is com- 
pletely surrounded by the metal 
or material to be heated. 

Vulcan Cartridges are avail- 
able in a wide choice of stand- 
ard sizes — from 1” to 25” (or 
longer); diameter — 1/4” to 
1 19/64” (or greater); sheath — 
brass, steel, nickel or high tem- 
perature alloys; full range of 
wattage and voltage ratings. 
The proven “Thunderbolt” 
Heater is available for extreme 
conditions of watt density and 
temperature. 

Write for catalog and prices. 


VULCAN ELECTRIC COMPANY, Danvers, Mass. 


Circle 347 on Inquiry Cord 
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MEDIUM POWER. Look into the 
Raytheon 1N253 and the new 


1N2512 series. 


Raytheon diffused junction (upper photo) gives utmost 
uniformity, highest performance, greatest reliability. 
Compare with irregular fusion junction (below). 


For reliable power... 
Depend on diffused junction rectifiers! 


Here are reliable Raytheon diffused junction silicon 
rectifiers spanning the complete semiconductor power 
spectrum! 

Raytheon manufacturing success in diffused junction 
rectifiers has long provided fast recovery, low forward 
voltage drop and extreme uniformity of device charac- 
teristics. Outstanding mechanical design and produc- 
tion under stringent quality control result in rectifiers 
with excellent ratings and characteristics. Utmost re- 
liability is assured by constant life and environmental 
testing beyond the most stringent requirements of 
Mil 19500B, over the guaranteed temperature range of 
—65°C. to +165°C. 

Of special interest in low current applications of the 
1N536 series are the excellent reverse recovery, fast start 


and fast rise of Raytheon diffused junction rectifiers. 

In the four amp range, the Raytheon 1N2512 series 
features low reverse current and is available in three 
package styles: with insulated stud, stud connected to 
anode, or stud connected to cathode. 

In the higher current range, the new Raytheon dif- 
fused junction silicon rectifiers offer ratings up to 22 
amps (at 150°C.)—plus the important advantages of low 
forward voltage drop and high efficiency, for excep- 
tional regulation in power applications. 

Further information on all these reliable Raytheon 
rectifiers is given on the following page. Semiconductor 
Division, Raytheon Company, ae 
215 First Avenue, Needham ,¥ 
Heights 94, Massachusetts. 
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RAYTHEON SEMICONDUCTORS 





Raytheon diffused junction silicon rectifiers 


MEDIUM CURRENT SERIES. | mmeares 
Workhorse of the Raytheon 


a ; ; ne 1N2512| 1N2512R| 1N2518 
rectifier line. High efficiency 1N2513|1N2513R!/ 1N2519 


and stability. Insulated or non- J 1N2514| 1N2514R/ 1N2520 


insulated stud, standard or 1N2515| 1IN2515R| 1N2521 
: - 1N2516/ IN2516R| 1N2522 
reverse polarity. Temperature = “= | 4N2517|1N2517R| 1N2523 


range —65°C. to +165°C. 1N253 
1N254 
1N255 
1N256 


*At 135°C. 


Your local authorized Raytheon Distributors 


carry in-stock inventories for immediate delivery. 


) SEMICONDUCTOR DIVISION comeany 
COMPANY 
ca SILICON AND GERMANIUM DIODES AND TRANSISTORS © SILICON RECTIFIERS « CIRCUIT-PAKS 


ENGLEWOOD CLIFFS, N. J., LOwell 7-4911 (Manhattan Phone, Wisconsin 7-6400) « BOSTON, MASS., Hilicrest 4-6700 « CHICAGO, ILL., NAtiona!l 5.4000 + LOS ANGELES, 
CAL., NOrmandy 5-4221 + ORLANDO, FLA., GArden 3.0518 « SYRACUSE, N. Y., GRanite 2.7751 + BALTIMORE, MD., SOuthfield 1.0450 « CLEVELAND, O., Winton 1.7716 
SAN FRANCISCO, CAL., Fireside 1.7711 * CANADA: Waterloo, Ont., SHerwood 5.6831 *« GOVERNMENT RELATIONS: Washington, 0.C., MEtropolitan 8-5205 





aA Toute 
Digital (Series TSD) 


& Binary (Series TSB) mail i] ALS 
NEW HIGHLY RELIABLE 


THUMBWHEEL SWITCHES JR ew 


Available in permanent or removable wafers in 8, 10 or 12 
positions up to 16 switches per modular assembly. Occupies 2 
only 4%” panel space per module. Variations available to Easier, 

special order. : 

Instant, easy numerical readout—only selected numbers are More Uniform 
visible thru openings in the bezel plate. Thumbwheel is 

black molded nylon with 4%” engraved figures. Other colors Automatic Assembly! 
available. 

Construction is printed circuit wafers with silver, rhodium 

or gold laminate, precious metal alloy contacts and corrosion 

protected aluminum frame. Switch can be positioned hori- 

zontally or vertically. 


Write for detailed specs today. 


‘ 


Careful engineering and strict quality controls give 
CHICAGO ALU DU SS he ELECTRIX Terminals greater holding power in use. 


PRECISION PRODUCTS DIVISION 

reed ebb it Be Reg te DM bl mt ELECTRIX Terminals meet and surpass rigid elec- 
trical and physical characteristic tests. Tolerances, 
especially at critical crimping points, are precisely 
uniform. Supplied in continuous strip form for use 
in dependable Electrix Automatic Attaching 
Machines, Electrix Terminals offer easier, more 


economical assembly. 


Electrix competitive prices 
save you money. 


Extremely wide range of types, sizes and finishes. 


Electrix 
Corporation 


ASHTON 


Shown above are some of the many 
Rogan knobs available from 


stock molds. Fast delivery. at) DO Lela SS RNORE ISL ARS 
Special shaft holes at nominal cost. § oY 


Send for details and catalog. CUSTOM MOLDED 


ROGAN T0 
BROTHERS Www sd 


8027 N. Monticello « Skokie, Illinois ‘ 


AMERICA'S FOREMOST MOLDERS AND BRANDERS OF PLASTIC KNOBS 
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38 CONTACTS 
DOUBLE SIDE 


actual size 


19 CONTACTS, 
SINGLE SIDE 


SUGGESTED APPLICATIONS 
19 Contacts, Single Side 


Component 
Mounting Board 
and Receptacle 

(back view) 


Wiring Flexible Printed 
Board Ada ter, Wire Cable Plug, 
and ptacle and Receptacle 


38 Contacts, Double Side 


2 Flexible Printed 

= oe _ 
japter, an 
Receptacle 


toro Min 1°/i6" long 


with 38 contacts on .050° centers 


These are the FIRST MICRO 
MINIATURE connectors! 


AMPHENOL’s new Wléere Wléw 100 Series connectors for 
micro-miniature circuitry are the smallest connectors ever devel- 
oped. AMPHENOL engineers have achieved a startling 50% 
size, 80% weight reduction from standard miniature connectors; 
full-size reliability has been built into connectors only 1%” long 
and 4” wide, weighing only .008 Ibs. a pair! And, most remark- 
able of all, Wléere Wléw 100's \ow capacitance contacts are 
centered on .050”, with .040” spacing between contacts! 
Handling and assembly are surprisingly easy in connectors so 
small. The heat-treated beryllium copper contacts may be ter- 
minated by soldering or welding with little or no more difficulty 
than standard miniatures. 
Wicro WWlia 100 Series are now in production and are available 
for your evaluation. See or call your AMPHENOL Sales/ En- 
gineering Representative! 


CONNECTOR DIVISION 
1830 SOUTH 54TH AVENUE, CHICAGO 50, ILL. 


Amphenol-Borg Electronics Corporation 





prene rubber boss to provide rattle- 
proof unit. Fasteners are available 
with studs in different sizes to meet 
varying thickness requirements. South- 
co Div., South Chester Corp., Lester, 
Pa. 

Circle 595 on postcard at end of book 


SILICON POWER 
RECTIFIERS 


Styles 10, 11, 22 and 23 rectifiers have 
been introduced. Style 10° diode, 
mounted in an axial-lead, top-hat all- 
welded case, is designed for general- 
purpose applications up to 1.6 amp. 


Style 11 features exceptionally low re- 
verse leakage currents for special ap- 
plications; mechanical configuration 
and current ratings identical to Style 
10. Styles 22 and 23 are stud-mounted 
revisions of styles 10 and 11, respec- 
tively, employing a 7/16-in. hexagonal 
base. Peak inverse voltages range from 
100 to 400 volts. Single-cycle peak 
surge current rating is 20 amp for all 
diodes. Syntron Co., 490 Lexington 
Ave., Homer City, Pa. (Booths 2105, 
2107) 

Circle 596 on postcard at end of book 


SURGE PROTECTOR FOR 
SILICON RECTIFIERS 


Type SP surge protectors protect sili- 
con power rectifiers from breakdown 
due to transient high voltage. Non- 
linear resistance, decreasing with in- 
crease in voltage, plus built-in capaci- 
tance, absorbs intermittent surge energy 
up to 3000 watts, limiting voltage to 
safe value. Consumes less than 5 watts 
under steady-state conditions. Nine 
standard types cover range of 50 to 
600 volts normal piv rating. Electric 
Products Div., Vickers Inc., 1815 Loc- 
ust St., St. Louis 3, Mo. (Booth 1725) 

Circle 597 on postcard at end of book 
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Time Delay Relays 


DESIGNED FOR 
PPLICATIONS 


As represented above, Curtiss-Wright is manufac- 
turing Time Delay Relays for your special applica- 
tions. Included among the features are: 


Instantaneous resetting contacts + Chatter-free operation 
Voltage and High Temperature compensation - Snap action 
Hermetically sealed - Resistance to severe shock and vibration WRITE 


Multiple load contacts FOR 
COMPONENTS 


Our application engineers are available to assist you CATALOG 
with your individual time delay requirements. Many 260 A 

of the features indicated above are presently in- 

cluded in our standard relay line. 


ULTRASONIC DELAY LINES Curtiss-Wright produces 
Magnetostrictive Delay Lines featuring delays 
from 5 to 12,000 microseconds, small size, her- 
metically sealed, and light in weight. Delay 
lines are designed to meet your application. 


COMPONENTS DEPARTMENT *« ELECTRONICS DIVISION 


curtiss ( WRIGHT 


CORPORATION « EAST PATERSON, N.J. 


TIME DELAY RELAYS + DELAY LINES + ROTARY SOLENOIDS ~- DIGITAL 
MOTORS - TIMING DEVICES - DUAL RELAYS - SOLID STATE COMPONENTS 
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| STAINLESS-STEEL 
| FLEXIBLE-SHAFT COUPLING 


Couplings are made of 1%4- and *¢-in. 

diam stainless-steel flexible-shaft core | 
CAN DELIVER and will operate at temperatures to 
1000 F. Stainless steel sleeves are pul 
on ends and squared. Square forms | 


Molded 
Inserts 


Fy 


engagement for drive and also allows 
for slight changes in length due to 

Combining Plastics & Metals varying torques. Total length can be 
varied to suit application. Stow Mfg. 

with Efficient Performance Co., 9 Shear St., Binghamton, N. Y. 

° (Booth 1011) 
Properties Circle 598 on postcard at end of book 

SINE-COSINE 

ee | POTENTIOMETER SILICON RECTIFIERS 

aan | Sine-cosine function — potentiometer SEMICONDUCTOR DIODES 


hai model APIIC is offered in both single  QGQOOQOMPUTER TRANSISTORS 
Applications . . . and multigang configurations. Sine- 

cosine pot with ]!i6-in. diam features | “STOP” 

conformity of 1.5 per cent amplitude 


peak-to-peak as standard, in a resist- CALL YOUR 


ance range of 25 k to 60 k ohms, and 


in other conformities in ranges from | 

1 k to 25 k and 60 k to 80 k ohms. | RCA SEMICONDUCTOR 

Power rating is 2 watts at 60 C stand- | 

ard, with ambient temperature limit DISTRIBUTOR 

125 C. Resolution, 0.05 per cent nomi- 

nal: rotational life. one million cycles 

per NAS-710. Pot meets all applicable For a comprehensive line of superior- 

MIL specs for environment. Ace Elec- quality RCA Transistors and Silicon 

tronics Assoc., Inc., 99 Dover St., Rectifiers, and all RCA Semiconductors 

| Somerville 44. Mass. | for special projects or pre-production 
Circle 599 on postcard at end of book | requirements...call your RCA Semicon- 

ductor Distributor. Just check the 


CUSTOM-BUILT MOTORS extra advantages he offers you: 
Fast delivery from local stock 
“ Prompt delivery of the latest RCA 


— ae by located Motors in NEMA frame sizes are dy- 
nserts securely and accurately loca namically balanced to 25 millionths | 


for dependable ready-to-assemble | amplitude of vibration. Maximum shaft —— eee io 
components | runout is 50 micro-in. Available in 1 Orders filled from factory-fresh 


— ce eee C stock 

2 oe wae sprees fn ee te “ Up-to-date, practical product infor- 
mation 

“ Valuable RCA technical assistance 
when you need it 


“ “One-stop” service on your orders 


4 o i { — — | “Specialists who understand your 
0 problems and your electronic needs. 

& \ .<% ee Remember, when you want fast delivery, 

r a | reliable service, always check first with 

AND MANUFACTURING COMPANY y 38 your local RCA Semiconductor Distrib- 


3600 rpm. Permanently preloaded dou- 
eano your panies ble-row cylindrical roller bearings 
FOR QUOTATION 


utor. For the name and address of your 
. nearest RCA Semiconductor Distribu- 
CUSTOM-ENGINEEREOD Ae | tor, write RCA, Distributor Products 
| Sales, Harrison, N. J. 


123 ROTARY DRIVE 
GURNEE, ILLINOIS 
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RCA Announces...@ new low-cost 


I RIFCICEN HIMATINLN I 


| DIFFUSED-JUNCTION : 


SILICON 
RECTIFIERS 


for Industrial and Consumer Products 


° Specifically rated to replace a wide variety of popular types 
° For general-purpose use 


¢ Available immediately from siock 


RCA GENERAL PURPOSE SILICON RECTIFIER DATA 


MAXIMUM RATINGS, ABSOLUTE-MAXIMUM VALUES: For supply frequency of 60 cps 


- tai Type Type Type Type Type fe Type Type 
1N2858 1N2859 1N2860 1N2861 1N2862 1N2863 1N2864 


PEAK INVERSE VOLTAGE 50 100 


FORWARD CURRENT: 
OC, with resistive or inductive load: 
At ambient temperatures up to 75°C. 





200 300 400 500 600 max. volts 





At an ambient temperature of 100°C. 





DC, with capacitive load: 
At ambient temperatures up to 75°C. 


500 





At an ambient temperature of 100°C. 300 


300 








Surge, One-cycle: 
At an ambient temperature of 25°C. 40 40 


AMBIENT TEMPERATURE: r -65 to 65 to 


Operating and Storage +125 + 125 


CHARACTERISTICS, AT AMBIENT TEMPERATURE OF 25°C.: 


—65 to —65 to —65 to 65 to 
+125 4 +125 +125 +125 


40 40 40 40 max. amp 


°c 





Maximum Forward Voltage Drop (DC) 
at dc forward current of 500 ma. 1.2 1.2 1.2 


CHARACTERISTICS, AT AMBIENT TEMPERATURE OF 100°C.: 


Maximum Reverse Current’. 


Lia [2 | on [ine 


*Averaged over one complete cycle with maximum peak inverse voltage and a dc forward current of 250 ma applied. 


Now, RCA announces 7 new silicon rectifiers that 
can do the work of 19 popular types. Check the 
characteristics of these new RCA rectifiers against 
those of the types you are now using. You’ll see 
how these few types will take care of your require- 
ments. RCA can now be your source for virtually 
all general-purpose rectifiers. 

These 7 new RCA general-purpose rectifier types 
are rated for both capacitive and resistive/induc- 


tive loads for applications in the electrical as well 
as the electronic industry. They also incorporate 
all of the premium qualities that have made the 
RCA line of diffused-junction silicon rectifiers one 
of the fastest growing lines in the industry. 

Call your RCA representative today for full 
details. For further technical information, write 
RCA Commercial Engineering, Section F-54-NN, 
Somerville, N. J. 


ANOTHER WAY RCA SERVES YOU THROUGH ELECTRONICS 


RADIO CORPORATION OF AMERICA 


@ SEMICONDUCTOR AND MATERIALS DIVISION 


East: 744 Broad St., Newark, N. J., HUmboldt 5-3900 « Nertheast: 64 ‘‘A”’ St., 


SOMERVILLE, N. J. 


Needham Heights 94, Mass., Hillcrest 4-7200 « East Central: 714 New Center 


Bidg., Detroit 2, Mich., TRinity 5-5600 ¢ Central: Suite 1154, Merchandise Mart Plaza, Chicago, IIl., WHitehall 4-2900 ¢ West: 6355 East Washington Bivd., 
Los Angeles, Calif., RAymond 3-8361 « Southwest: 7905 Empire Freeway, Dallas 7, Texas, FLeetwood 7-8167 « Gov't: 224 N. Wilkinson St., Dayton, Ohio, 


BAldwin 6-2366; 1625 ‘‘K’’ St., N.W., Washington, D.C., District 7-1260. 


AVAILABLE, TOO, AT YOUR RCA DISTRIBUTOR 
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with tapered bores are mounted at 
shaft extension end. Illustration shows 
a precision grinding application with 
balancing wheel holder. Pope Ma- 
chinery Corp., 261 River St., Haverhill, 
Mass. 

Circle 600 on postcard at end of book 


DIRECT-READING 
VARIABLE ATTENUATORS 


|  Multi-turn dial of attenuator is cali- E 
| brated to within 1 db up to 10 db 
and 1.5 db up to 20 db over wave- 
guide frequency range. Maximum at- 








WHISPER 


| tenuation exceeds 25 db; minimum in- 
|  sertion loss under 0.5 db. Standard 
cover flanges included. Models avail- 
able for K, V, Q, M and E bands. 
Narda Microwave Corp., 118-160 Her- 

ricks Rd., Mineola, N. Y. 
Circle 601 on postcard at end of book 


UIET! 


THE MOST EFFICIENT, 


THE MOST RELIABLE MOTORS 
MONEY CAN BUY 


The unexcelled performance 
of GI motors together with 


SIZE 4 STARTER 


Type F, Series C starter dimensions 
are 1234 x 814 x 6%2 in. Starter 
features trip-free melting-alloy over- 
load relays with unit-construction 


the unusually low sound level 
means extra care and control in 
every step of design and 
manufacturing — and extra 
dependability in day-in, day-out 
operation. That’s why, for 40 
years, the great names in industry 
have preferred to rest their 
reputation on GI motors. 

GI produces a “Smooth Power” 
motor for every sub-fractional hp 
requirement — including yours. 
Write today for complete 
full-line catalog. 
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Smo la AC MOTORS 


1/1800 H.P. TO 1/35 H.P. 








General Industries’ standard line of motors is 
adaptable, with slight variations, to literally 


Steg thermal units, or adjustable bimetal- 
thousands of applications. 


lic overload relays and molded coils. 
A-C starters with three or four poles 
rated 220 volts, 50 hp or 440 to 550 
volts, 100 hp. Square D Co., 4041 No. 

Richards St., Milwaukee 12, Wis. 
Circle 602 on postcard at end of book 
(Continued on page 396) 


THE GENERAL INDUSTRIES co. 


DEPT. GL ELYRIA, OHIO 
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Be Sure To See 


POWER TRANSMISSION 
EQUIPMENT 


At the NON-LUBRICATED 
; NITRA AST 21-184) 
Design Show... FLEXIBLE COUPLINGS 


Booth 1504 _ 


Bores (mox-) Sf" 0 21" 


ah 00082" Vs « to 1500 Ib. 


1/20 to 3000 


Working Models (“amin 
On Display LOVEJOY and HI-LO INSTANTLY- 


ADJUSTABLE VARIABLE SPEED PULLEYS 





Get first-hand performance 
facts and comparisons. 


Request illustrated bulletins 
and catalogs containing 
engineering data, details 

on sizes and types. 


SHAFT MOUNTED, GEAR REDUCERS — 
ELIMINATE SUPPORTING STRUCTURES 
END ALIGNMENT PROBLEMS 


Yours for the asking, this 
literature gives a wealth 

of valuable information on 
power transmission equipment 
in easy-to-read, easy-to-file 
form. 


Yu to 5% in- 


Shafts | 





SELECT-O-SPEED TRANSMISSIONS — Economical, easily installed on new or old equipment. 
Ratios to 10 to 1, horsepowers % to 72 at 1750 rpm. 


VERSA MOUNT TAKE UP FRAMES — Accommodate any make of pillow block, mount side or 
top. Stock sizes for ¥2" to 27” pillow blocks, travel length 2” to 36”. 


MOTOR BASES — Tilting, sliding and automatic belt tensioning types. Wide variety of sizes 
for motors fractional to 15 hp. 





LOVEJOY FLEXIBLE COUPLING COMPANY 


4802 West Lake Street © Chicago 44, Illinois ©® Phone EStebrook 9-3010 
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NATIONAL 
RETAINING RINGS 


- 


Efficient and econom 


—improve products PaCS Nant 
\_—_ and cut costs ep oni 
Scie) \ eee ae 2 


{ 
2S redauce 


of machining 

r houlders 
eading, nuts and 
tter pins are typi 
avings that can 
effected. Ask NA- 
for complete 

” and data 
articular 


FREE SAMPLES 


P ri 
ptive er 


— the old costly way —the new NATIONAL way 


The oi item LOCK WASHER COMPANY 
TTT try Since 1886 


NEWARK 5, NEW JERSEY @e MILWAUKEE 2, WISCONSIN 
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Why You Should 


Insist On 
KIRKWOOD 
COMMUTATORS 


KIRKWOOD durable STEEL CORE or 
economical MOLDED CORE commutators are precision 
made for longer, efficient life. They fit right the first time. 

KIRKWOOD steel and molded slip or 
collector rings meet the same standards of quality. You 
can depend on them to run true, eliminating sparking 
and excess brush wear, safeguarding efficiency from 
source to load. 






















Send us your prints for estimates on 
new commutator or slip ring designs for special ap- 
plications. 

KIRKWOOD commutetors range from 


4a’ to 50” in diameter 


Seoaatdeare 
and Slip Rings.” 


Dept E-50 


KIRKWOOD COMMUTATOR core. 


4855 West 130th., Cleveland 35, Ohio 
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SELF-LOCKING 
CAPTIVE NUTS 


Captive nuts are designed to provide 
self-locking, stainless steel threaded 
inserts for use in aluminum or brass. 


Complete line includes one basic type 


in four sizes. Hexagonal in shape, 
thread sizes are 4-40, 6-32, 8-52 and 





10-32 for material thickness of Me, 


Mo Ie, %g and 14 in. Material is 
stainless steel, pet FED QQ-S 763b. 
Class 303. All nuts have passivated 
finish per MIL P-12011. National Radio 
Co., Melrose. Mass. 

Circle 603 on postcard at end of book 


HIGH-FREQUENCY 
SILICON TRANSISTORS 


Diffused mesa transistors PT900 and 
PT901 are characterized by a power 
dissipation of 125 watts at 25 C case 
temperature, 50-me alpha cut-off fre- 
quency, 10-amp continuous collector 
current, and 0.2 ohm saturation resist- 
ance. Transistors may be used as 
power converters and inverters operat- 
ing at frequencies as high as 1 me. 
Other applications are  fast-response 
power-supply regulation; marine and 
aircraft radio transmitters; ultrasonic 
generators; compact r-f generators for 
induction heating; computer core- 
drivers, high-speed switches; radar 
pulse-generators and high-power video 
amplifiers. Pacific Semiconductors, 
Inc., 10451 W. Jefferson Blvd., Culver 
City, Calif. 
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TELEPHONE RELAY 


Type 5 relay features long, flexible 
contact fingers of the bifurcated sta- 





(Continued on page 400) 


ELECTRICAL MANUFACTURING 


ae 










Now you can get fast delivery from stock on 35 different 
models of Ohmite variable transformers. This newly ex- 
panded selection covers a high percentage of industrial 
needs. In it you will find single and three-phase units, two 
and three-in-tandem assemblies (not shown above), plus a 
variety of other cased and uncased models. 

Ohmite “v.t.” variable transformers combine fresh think- 
ing in design with traditional Ohmite quality. For example, 


Write for NEW Stock Catalog 30. 


OH 


RESISTORS RELAYS 
TANTALUM CAPACITORS DIODES 
R. F. CHOKES 


RHEOSTATS 
TAP SWITCHES 
VARIABLE TRANSFORMERS 


MAY 1960 


Popular, small Model VT2 (with overvoltage). Volts 
output: 0-120/132; amps output: 1.5... Model VT2N 
(without overvoltage). Volts output: 0-120; amps 
output: 1.8. This model delivers more current than 
existing transformers of comparable size and price. 


Models VT4 and VT4N provide output capacity greater 
than other units of comparable size and price. Model 
VT4 (with overvoltage). Volts output: 0-120/140; 
amps output 3.5... Model VT4N (without over- 
voltage). Volts output: 0-120; amps output: 4.75. 


Models VT8 and VT8N offer the heavy capacity demanded for general laboratory and industrial applica- 
tions. Model VT8 (with overvoltage). Volts output: 0-120/140; amps output: 7.5... Model VT8N 
(without overvoltage). Volts output: 0-120; amps output 10.0. Units available for 240-volt input also, 





QUALITY 
Components 



















positive current transfer is achieved with direct brush to 
slip-ring, pig-tailed connection. Adjustable shafts on sizes 
VT4 and VT8 extend either to the brush or the base side. 
These two models also are interchangeable with competitive 
makes of comparable ratings. The “N” types in all three 
models provide additional current without overvoltage. The 
next time you need variable transformers, select from the 
line with advanced design—Ohmite. 


OHMITE MANUFACTURING COMPANY 


3613 Howard Street, Skokie, Illinois 







Circle 360 on Inquiry Card 397 





Bring out the FULL MAGIC of your own engineering 


know-how with Special REULLAND Motors 


Don't ever let a complicated drive requirement stymie 
your own ingenuity. If you have a design idea, go right 
ahead with it...leave the motor adaptation to Reuland. 
Reuland cut its eye teeth in the motor business, many 
years ago, by supplying special motors for new design con- 
cepts. And, while our company now supplies many thou- 
sands of standard motors each year, we have never lost 
sight of the industry’s continual need for something new. 


Reuland’s basic “Xpandable” design is ideally suited to 


special adaptation. For example, there are well over 2000 
special designs in the Reuland Special Motor Library... 
one of which may very likely be close to something you 
may need right now. 


Whether you are doing futuristic doodling...or designing 
for immediate production...cash in on your own creative 
designing talents. A single experimental motor, or a pro- 
duction run, will receive the same well known Reuland 
spirit of cooperation. Why not check into what we say. 
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MULTI-DRIVE MOTOREDUCER 


Shown here is a typical example of a 
Reuland multi-drive unit, as adapted for 
use On a screw conveyor bag filler machine. 
The primary motor turns the screw for 
high speed filling. For final, 

precision filling, a D.C. 

clutch cuts in the 128 r.pm. 

Motoreducer. Speed reduc- 

tion ratios of as much as 

100: 1 are available. 


SPLINE COUPLED PUMP MOUNT MOTORS 


Reuland spline-coupled hydraulic pump 
mount motors feature a direct connection 
between the pump and the motor’s shaft... 
inside the motor. The installation is made 
by simply slipping the spline coupling onto 
the pump shaft...and attaching the pump 
to the endbell. The unit eliminates flexible 
couplings and platform mounts. Reduces 
mounting space almost 50%. Assures per- 
fect alignment, automatically. 


HOLLOWSHAFT WORM MOTOREDUCERS 

This unique, right-angle Motoreducer fea- 
tures a hollow shaft that permits direct- 
coupling to equipment by merely inserting 
the drive shaft of the machine. No other 
mounting arrangement is required, except 
the torque arm which serves as an “anchor” 
for the Motoreducer. Eliminates the need 
for couplings, brackets, or belt and chain 
drives. Mounts in very tight areas. 


5-STAGE DRIVE CYCLE PACKAGE 

A complete, five-stage operating cycle is 
handled by this one drive package... 
(1) 100 r.p.m. forward run, (2) immedi- 
ate stop, (3) fluid-cushioned start again, 
(4) reverse direction and (5) return at 200 
r.p.m. The complete cycle is accomplished 
by an internal fluid coupling...two-speed, 
reversing duty motor, gear reducer, and 
magnetic brake...within one frame! 


MACHINE TOOL MOTORS 


These precision machine tool motors are 
a completely new type, especially made for 
the machine tool industry. They are com- 
pact in design and built to precise specifica- 
tions like a fine tool. Their individual 
dynamic balancing... heavy duty ball bear- 
ings...low inertia, lightweight rotor...and 
even smooth-finished castings, make them a 
match for the most expensive machine tool. 


MULTI-SPEED MOTORS 

Basic designs consist of three predeter- 
mined speed rating selections; 2-speeds, 
3-speeds and 4-speeds. The motors are also 
available with three torque-horsepower- 
speed combinations. (1) Constant torque 
...h.p. varies directly with r.p.m. (2) Vari- 
able Torque...h.p. variation is proportion- 
ate to the square of the speed, and (3) Con- 
stant horsepower...wherever h.p. need is 
constant regardless of operating speed. 


MODERN POWER FOR MODERN-DAY PRODUCTS 


...allin lightweight aluminum frames! 


REULAND 
MOTORS 


STALL DUTY TORQUE MOTORS 


Reuland torque motors can be stalled or 
“locked” into a load with full current on. 


The units also automatically adjust their 


speed to intermittent load changes. Output 
torques can be changed, as desired, through 
the use of voltage varying devices. Avail- 
able in ratings from % through 10 foot 
pounds...for maximum stalls of 5, 10, 20, 
60 minute and continuous. 


FLUID-SHAFT BRAKEMOTORS 


Reuland Fluid-Shaft motors eliminate 
shocks and jerks and provide a smooth, 
gradual, stepless method of load accelera- 
tion. Power is transmitted through an in- 
ternal fluid coupling and all starting iner- 
tias are absorbed in a cushion of oil. The 
Reuland “doughnut” magnetic brake... 
mounted on the output side of the coupling 
... permits extending the motor shaft right 
through for load hook-up. 


DISC-TYPE MAGNETIC BRAKES 


Reuland “through-shaft” magnetic brakes 
feature a fast and sure direct action princi- 
ple. Levers and linkage are eliminated by 
a simple attraction and release action be- 
tween the armature and “doughnut” type 
magnet. Available for use with all makes 
of motors in (1) endbell type, (2) foot 
mounted and (3) foot mounted—complete 
with own bearings and shaft. 


Our new general catalog 

will come in handy. Sent free 
on request. Describes the 
exclusive Reuland “Xpandable” 
design idea...Tells how you 
can benefit by using our free 
Special Motor Library. 


REULAND ELECTRIC COMPANY 


WESTERN DIVISION: Alhambra, California 


SEE SWEET’S 
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Harper produces over 100 alloys to 
“thread the needle” in meeting your tionary springs that allow the twin 


contacts to operate independently ol 

specific corrosion-resistant needs each other. Relay designed for d-c op- 

eration. Twin contact points of Code 24 

(palladium) material have combined 

| rated current-carrying capacity of 4 

amp, 150 watts. Operating speed, 1 to 2 

| millisec min. Coil is single- or double- 

wound and can be provided with choice 

| of time delays. Lakewood Controls 

‘> no’ i WV r Corp., Industrial Rd., Crystal Lake, 
7 mile 
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| | RADIATION-RESISTANT 
SILICON-CARBIDE RECTIFIERS 


ANOTHER HARPER ! Silicon-carbide rectifiers, Models TCS-5 


/ ' Dy and 10, can withstand temperatures of 
e y ' | 500 C and are said to be 10 times less 
Pfence E 3 | subject to radiation damage than sil- 
é =. icon. Specifications at 500 C for TCS- 


What alloy do you need? In 
what size and shape fastener? 
Harper maintains a stock of over 
150.000.000 pieces in over 100 
alloys to meet your requirements 
quickly, Alloying is an important “ ‘i fig x 
part of Harper's completely inte- ? e ; oe sr ae oD ee 
: pamp max; forward voltage. 4 volts 
grated operation, t)).t includes - max at 100 ma specified current. For 
elements, billets, and @xtruding to ; yw | TCS-10 at 500 C: piv, 100 volts; re- 
fabricating parts—assuring you of : ee ie sverse current, 500 pamp max; for- 
uniform high quality at lows) / 3 ward voltage, 6 volts max at 100 ma. 
possible prices. Harper distrib = cy At 25 C, max inverse current is 10 
tors everywhere maintain com- ~ / oo | bamp for both types; forward — 
) — | age is 8 volts max at 100 ma and 12 
plete stocks for immediate 974 . =, volts at 100 ma for TCS-5 and 10, 
delivery. See your Yellow Pages, le et respectively. Transitron Electronic 
ype | Corp.. 168 Albion St.. Wakefield, 
THE H. M. HARPER © e 4 | Mass. 
COMPANY i a Circle 606 on postcard at end of book 
8200 Lehigh Ave. + Morton Grove, Ill. 
TRANSISTOR TRANSFORMER 


DO-T37 through DO-T44 transformers 
cover medium- and low-level transistor 
| applications. These types provide split 
| secondaries; that is, two isolated halves 
to permit balancing required when 
| driving transistors. Primaries are cen- 
ter-tapped. Typical of series are the 
| DO-T44 (80/100-ohm  center-tapped 
primary and 32/40-ohm split second- 
ary), DO-T37 (2000/2500-ohm center- 
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NEED ‘TIGHT-SPEC’ OVERCURRENT PROTECTION? 
HEINEMANN WILL CUSTOM-MAKE A BREAKER FOR YOU! 


Ta 


> is 


Precise current ratings, odd or frac- 
tional. The number of wire turns of 
the breaker overload coil determines 
the current rating. We can wind 
any one you want between 0.010 
and 100 amps (200 on one model) 
—even way-out ratings like 4.5 or 
17.8 or 73 amps. 


Choice of time delays. Long, medium, 
short or instantaneous trip — you 
can pick the time-delay/percent 
overload curve which best matches 
the operating requirements of the 
protected equipment. The delayed 
response prevents nuisance tripping 
on safely tolerable overloads. 


Diversity of models. We have them 
from sub-miniature size on up. Most 
are available in single-, two- and 
three-pole constructions, and most 
can be furnished with a variety of 
mounting arrangements and termi- 
nal hardware styles. Special envi- 
ronmental treatments available, too. 


No other overcurrent-protection device quite equals the Heinemann circuit breaker in 
adaptability to specialized, close-tolerance protective functions. If you'd like to 
see for yourself, send for a copy of the Circuit Breaker Engineering Guide, Bulletin 201. 


HEINEMANN ELECTRIC COMPANY 


MAY 1960 
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a GOOD one is important! 


@ Relays are often referred to as the heart of an 
electronic control circuit. A good one is essential to 
efficient performance and longer life. For years 
Comar has aided manufacturers suffering from relay trouble. 
Our relay technicians 
will show you how to 
put more vim and vigor 
in your relay circuits. 
Send the symptoms... 
we'll recommend the 


cure ..no obligation. 


cComar electric 


3349 ADDISON STREET, CHICAGO 18, ILLINOIS 


RELAYS * SOLENOIDS * COILS *© SWITCHES * HERMETIC SEALING 
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tapped primary and 8000/10,000-ohm 
split secondary, ratio 1:1:1), and DO- 
T40 (40,000/50,000-ohm center-tapped 
primary and a 400/500-ohm split sec- 
ondary). All units are metal cased, 
hermetically sealed to MIL-T-27A, 
Grade 4 and weigh 0.1 oz. United 
Transformer Corp., 150 Varick St., 
New York 13, N. Y. 

Circle 607 on postcard at end of book 


ROTATING TRANSFORMER 


Transformer is used in a system for 
providing controlled angular rotation 
in exact relation to the rotation of 
the shaft of the rotating transformer. 
Device operates from input of 1-phase, 


60-cps and is capable of driving posi- 
tioning motors at torques up to 1 lb-ft. 
Can be driven at speeds from zero to 
600 rpm. No torque reaction between 
positioning motor and rotating trans- 
former, thus less than 1 in.-lb of torque 
to transformer will provide torques up 
to 1 ft-lb from positioning motor. A 
typical application is in tool position- 
ing or in the synchronization of two or 
more devices. B. A. Wesche Electric 
Co., 9027 Shell Rd., Cincinnati 36, 
Ohio. 

Circle 608 on postcard at end of book 


GLASS-TO-COPPER SEALS 


Copper sealing glass preforms, which 
permit true glass-to-copper seals with 
no intermediate materials or compo- 
nents, are pre-formed to customer re- 
quirements. Electrical resistance at 
100 C is of the order of log,, 11.1 
ohms/cm and increases as tempera- 
ture is decreased. Coefficient of expan- 
sion, 155 % 107. Mansol Ceramics 
Co., 140 Little St., Belleville, N. J. 
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One of a Series 


New “White Room’ Assembly 
Insures Accuracy, Reliability 
of Instrument Counters 


This special facility has been designed to provide 
positive environmental control for ultra-precision as- 
sembly and test of Veeder-Root Instrument Counters. 
Temperature and humidity are constant and electrostatic 
filtering and pressurization maintain air purity. 

This is the latest step taken by Veeder-Root to insure 
top reliability and accuracy in counters and readout 
devices used for instrumentation, aircraft and naviga- 
tional applications. Veeder-Root offers an extremely 
varied line of these instrument type counters; and also 
does extensive design and prototype work to develop new 
devices for all types of readout problems. Whatever your 
needs for precision counting devices, Veeder-Root can 
provide that extra margin of dependability by supplying 
a single counter or complete counting package or system. 
Your specifications will receive prompt attention. 


Veeder-Root Precision Gearing 
Provides Long Life, Accuracy at High Speeds 


The secret of Veeder-Root precision counter perform- 
ance is the close tolerance manufacturing and inspection 
of gearing, typified by 

the strip chart record 

shown here. This 

Veeder-Root experience 

with all types of intri- 

cate gearing, to Preci- 

sion Class 2 tolerances, 

assures accuracy and 

dependability in read- 

out devices and count- 


Series 1597 
Miniaturized 
Counter 


designed for readout of naviga- 
tional data, Features maximum 
figure size on ¥2” wheel, plus small 
overall dimensions and light weight. 
For high speed counting. 


Series 1392 
Open 
Frame 
Counters 


for navigational computers. Has 
extremely low torque, wheels are 
ball-bearing mounted, and counter 
is available with various frame 
styles for mounting into packaged” 
systems. 


This is a Veeder-Root Counting Package developed for airborne naviga- 
tional systems. It is being assembled and tested in the new “white room”. 


Series 1698 
Internal 
Pinion 
Counter 


developed for aircraft instrumenta- 
tion such as altimeters, fuel readout 
and manifold pressure. Wheels are 
only 0.672” in diameter. 


Series 

1666 

Precision 
Internal 

Pinion Counter 


available with 3 or 4 figure wheels, 
in single or tandem styles. Minimum 
size, maximum readability. 


Series 1387 and 1388 
Concentric Drum Counter 


for latitude and longitude readout. These 
counters offer compact digital presenta- 
tion, speeds to 300 rpm, and unusually 
long counting life 


ing packages. 


Send for More Information . . . or advise your preci- 
sion counter requirements. Application assistance is 
available from Veeder-Root Counting Engineers or write. 


‘ 
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Veeder-Root, Hartroro 2, conNecTicUT 


’ © Please send Precision Counter Data Sheets 
e e é r- 0 0 em ©) Please have Counting Engineer call 


Name 
HARTFORD 2, CONNECTICUT 


‘The Name that Counts” 


New York * Chicago * Los Angeles « San Francisco * Seattle 
St. Lovis * Greenville, S.C. * Altoona, Po. * Montreal 
Offices and Agents in other principol cities 


Title 
Company.. 


Address .. 
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Automatic simultaneous winding 
of 2 to 5 group concentric coils... 


YOU CAN 

CUT 
WINDING 

costs 


WITH 


* LOWEST MACHINE INVESTMENT PER 
UNIT PRODUCED. 


* Winding speed at 325 RPM. 


* Preparation time: 4-pole, 4% min- 
ute; 2-pole, 34 minute. 


Automatic cutting and anchoring 


UOT 
nui) WEY Als e. ' Winds greater range of stator 
SOS is 


< Production example: 4-pole stator 
NN 
WRITE FOR COMPLETE DATA OR 


ARRANGE TO VISIT OUR PLANT FOR DEMONSTRATION 


FORT WAYNE TOOL, DIE & ENGINEERING CO. 
1027 Goshen Road * Fort Wayne * Indiana, U.S.A. 


Pwoucr 


of leads. 


Completely automatic during 
winding. 


with 3-group concentric coil per 
pole at 125 turns per coil produces 
88 stators per hour; 2-pole with 5-group concen- 
tric coil per pole at 159 turns produces 58 stators 


per hour. 
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new! from EIC 


NYLON sciscruss 
SOLDERLESS 
PIGTAIL 


on? CONNECTORS 


22-14 wires 


FAST - LOW COST 
FOOLPROOF - PERMANENT 


Translucent natural Nylon 

in a special closed-end design. 
Wires and tool are easily 
positioned to crimp uniformly 
tight in one quick operatior 
Permanent, fully insulated, 
vibration-proof! Any numbe; 
and combination of wires 


THE BEST 
WIRING METHOD 


BETTER... 


2 SNAP-IN CORNER, TEE AND STRAIGHT-THRU FITTINGS. 
t 


SEE PANDUIT WIRING COMPONENTS—EOOTH 409 
1960 DESIGN ENGINEERING SHOW 


BRANDI CORP ecssrmavensy avenue 
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NC-1610 
16-10 wires 


totaling within gage limits. 
Quick delivery from stock. 
Sharp-pencil pricing. Color 
codes available on quantity order. 


Write for Bulletin, 
Samples, Prices 


ETC incorrPoraTteD 
990 East 67th Street, Cleveland 3, Ohio 


Circle 368 on Inquiry Ccrd 





AVAILABLE NOW FROM TI 


100:1 


miniaturization 
with 


SOLID GIRCUIT 


semiconductor networks 


Now-—3 years ahead of industry's expectations — 
Solid Circuit semiconductor networks from Texas Instru- 
ments for many of your high-reliability miniaturized systems! 


Solid Circuit networks are a major departure from conven- 
tional components because they integrate resistor, 
capacitor, diode, and transistor functions into a single 
high-purity semiconductor wafer. Protection and packaging 
of discrete elements is eliminated, and contacts between 
dissimilar materials are minimized, reducing element 
interconnections as much as 80% . Fabrication steps have 
been reduced to one-tenth those required for the same 
circuit function using conventional components. 


SEMICONDUCTOR NETWORK CONCEPT 


The concept of a semiconductor network is the rela- 
tion of conductance paths in a semiconductor to the 
classical circuit elements, establishing an orderly 
design approach based on circuit knowledge. In this 
manner, semiconductor networks may be designed to 
perform the functions of a wide variety of existing 
circuits. Through the proper selection and shaping 
of semiconductor conductance paths, it is possible 
to realize such electronic functions as amplification, 
pulse formation, switching, attenuation, and rec- 
tification. 


An assembly of 13 Solid Circuit networks, 
actual size, performs a full serial adder 
function, replacing 85 conventional compo- 
nents with a 100:1 size reduction. Weight: 
1.5 gm. Volume: 0.02 cubic inch. 


*Trademark of TEXAS INSTRUMENTS INCORPORATED 
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Only a few process steps and time-proved TI mesa produc- 
tion techniques permit a high degree of process control 
in Solid Circuit network fabrication. The result of these 
facts: reliability is built into each Solid Circuit network. 


If you need to reduce equipment size and weight —or to 
design a more complex system in the same size—inves- 
tigate Solid Circuit networks for your missile, satellite, 
space vehicle, and other microelectronic programs. TI 
engineers are ready to custom design this concept to your 
requirements. Contact your nearest TI Sales Engineer 
today. The TI Type 502 Solid Circuit network is imme- 
diately available for your evaluation. 


— 
' 
t 
‘ 
‘ 
' 
‘ 
' 
5 


ee 
TI Type 502 silicon Solid Circuit network is intended for binary counter, flip-flop, 
or shift register applications. The dimensions of the glass-to-metal hermetic-sealed 
package are 0.250 x 0.120 x 0.030 inch. 


OUTPUT 2 OUTPUT 1 


4 EQUAL SPACES 
EACH 0.047 


| 
| 
| 
| 
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INSTRUMENTS 
INCORPORATED 


POST OFFICE BOK 312 DALLAS, TEXAS 
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RAINING fi 
RELAYS 


WHY WAIT FOR RELAYS? 


GET THE RELAYS YOU NEED 
IMMEDIATELY FROM 
YOUR LOCAL DISTRIBUTOR 


ADVANCE RELAYS 
ENGINEERED FOR TOMORROW 
AVAILABLE TODAY 


© TELEPHONE © LATCHING 
HIGH VOLTAGE © MINIATURE 
ANTENNA © MILITARY 
SENSITIVE o OVERLOAD 
COAXIAL © POWER TRANSFER 
DELAY © POWER CONTROL 
CONTACTORS © GENERAL PURPOSE 


‘ f 
ELGIN — RELAYS | ELGIN WATIONAL WATCH COMPANY | 2435 NORTH NAOMI STREET | BURBANK | CALIFORNIA 


. 


ELGIN Has « New 
72-Page CATALOG for 
You — Request One Today 


= 
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NOW AVAILABLE 


—a Permanent Binder 
for your Reprint Copies 
of ‘Science & Engineering” 


$2 50 See Order Form 


on page 446 
postpaid 








HIGH-TEMPERATURE 
CAPACITORS 


Motor-starting capacitors which utilize 
Mylar, Teflon and mica dielectric are 
available in three different styles. 
Working temperature range for Mylar 
type is —65 to +300 F; for Teflon, 


} 


—65 to +400 F; and for mica type, 
—65 to +700 F. All three types are 
available in a capacitance range of 
0.05 pf and up. Mylar and Teflon 
types are wound of metallized film. 
Mica type is wound with aluminum 
foil and pure mica ribbon. All types 
are encapsulated with thermoplastic 
polyamide or thermosetting epoxy res- 
ins, depending on temperature range, 
in sealed, cold-drawn steel cans with 
fused glass or ceramic terminals. Air- 
borne Accessories Corp., 1414 Chest- 
nut Ave., Hillside 5, N. J. 

Circle 610 on postcard at end of book 


BI-STABLE 
LATCHING RELAY 


Latching relay remains locked in 
either open or closed position until 
pulsed. Any single pulse of minimum 
allowable duration and without re- 
gard to polarity will cause relay to un- 
latch, switch to alternate position, and 
lock in new position. Mechanical latch- 
ing occurs at three distinct points which 
assures resistance to vibration and 
shock. Relay rated 20 amp at 26.5 
volts d-c. Energizing current, 0.45 amp 
at 18 to 32 volts d-c. Exceeds MIL-E- 
5272C vibration requirements. Oper- 
able at —65 to +-125 C from sea level 
to 150,000 ft. Astromics Div. of Mitchell 
Camera Corp., 611 W. Harvard St., 
Glendale 4, Calif. 


Circle 611 on postcard af end of book 


(Continued on page 408) 


ELECTRICAL MANUFACTURING 





CANNON ELECTRIC CO., 
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3208 Humboldt St., Los Angeles 31, Calif. 


THE SYMBOL OF A MOST 
UNUSUAL NEW DEVELOP- 
MENT BY CANNON 


Meet MORPHO—he represents the 
most versatile plug you ever saw! 
MORPHO is Cannon Electric Com- 
pany's unusual new development for 
meeting many industrial and military 
requirements inexpensively. Check 
these features!=# Crimp-type contacts 
supplied loose for crimping with a 
simple hand tool, or in belts for crimp- 
ing with a semi-automatic tool # Eas- 
iest installation ever, just snap into 
insulators, module insulators de- 
signed for alternate positioning for 
maximum adaptability se Hermaphro- 
dite design, contacts and insulators 
can be used in either plug or recep- 
taclel MORPHO plugs have been 
tested to severe requirements, are 
available in different contfiguratiotis 
with a wide range of contact layouts. 
Write for Catalog MH-1 today and 
meet MORPHO for yourself...another 
reason why you should always con- 
sult the first name in plugs — why 
you should consult Cannon for all your 
plug requirements. 





Motor PROTECTORS 


for highest Performance and Safety 


Check the advanced design of E-T-A protectors and 
see why they are superior to conventional types! 


« 
MANUAL 


Ratings from 
0.05 to 25 amps 


AUTOMATIC 


Ratings from 


Travel of button °:! #0 15 amps 


indicates tripped 


Heater Coil 


Infinite contact 
adjustment 


Quick connect 
terminals 


greater power is packed into smaller motors. This 
miniaturization requires protectors with pin-point 
accuracy provided only by E-T-A! Precise calibra- 
tion is guaranteed by co-ordination of bimctal cle- 
ment, heater coil and infinite contact adjustment. 
Ideal for built-in and remote protection. E-T-A 
offers you a better product at lower cost. 


For engineering assistance call or write — | 


PRODUCTS COMPANY OF AMERICA 


6284 N. Cicero Ave., Chicago 46, Ill. 
Phone: Kildare 5-1554 
IN CANADA: E-T-A Products of Canada Ltd. 
265 Craig St. West, Montreal 1, Que. 
Phone: UNiversity 1-5998 
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THIN-WIDTH 
INSTRUMENT BEARINGS 


Bearings for use in synchros, gear 
trains, potentiometers, servos and small 
motors feature a high outside diameter 
width ratio. Relatively large OD en- 


~ove® 


ec 


ables designers to use through-bored 
and through-ground housings. Made to 
ABEC Class 7 tolerances, thin-width 
bearings are offered in nine sizes with 
outside diameters from 0.2750 in. to 
0.5000 in. and bores from 0.0937 to 
0.1875 in. Standard material for balls 
and rings is 550 C stainless steel. Open, 
single and double-shielded bearings in- 
cluded. Miniature Precision Bearings. 
Inc., Precision Park, Keene, N.H. 
Ci:cle 612 on postcard at end of book 


HIGH-SPEED PRINTING BULB 


Cathode-ray bulb with 35,000 separate 
wire conductors embedded in a face 
plate 3 by 14 in. in size has been de- 
veloped for high-speed — electronic 
printing. Each conductor in rectangular 
matrix of face plate is 0.001 in. in diam. 


Nominal space between conductors is 
0.003 in. Conductors serve to transfe: 
electrostatic charge from electron beam 
to moving paper. Manufacturer also is 
producing bulb with 2500 conductors 
set along a single line in an 8-in. face 
plate. Industrial Bulb Sales, Corning 
Glass Works, Corning, N. Y. 

Circle 613 on postcard at end of book 


CODE AND 
SWITCHING DRUMS 


Code drums using embedded circuitry 
are applicable to telemetry, automatic 
control systems, and other control de- 
vices. Conducting area may be copper, 

(Continued on page 412) 
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Another SPEED NUT brand fastener... 


Just a thumb-push...and steel teeth 
fasten steel with Tinnerman “U” CLIPS 


Twin-action gives this Tinnerman “U” SPEED 
Cup” extra holding power in fastening together 
two sheets of metal, plastic or wood without 
screws... the heat-treated spring steel tension 
in the “U” exerts a clamping action .. . the tiny 
upset barbs bite in and hold on for keeps. 


Cost of assembly is substantially reduced 
when you use Tinnerman “U” Clips for fasten- 
ing... extra assembly steps are eliminated... 
no special tools or skills are required... and 
Tinnerman “U” Clips hold for good! 


Speep Nut Brand “U” Clips are easy to apply 
... merely thumb-push them over the edges of 
the panels. A variety of Tinnerman fastener 
features can also be incorporated with the ““U” 
Clip principle...cable clips, protruding legs to 
hold glass panels in lighting fixtures, and others. 


Call your Tinnerman Speep Nut representa- 
tive today ... if he’s not listed in your “Yellow 
Pages” Directory under“ Fasteners’’, write direct. 


TINN ERMAN PRODUCTS, INC. 
Dept.12 + P.O. Box 6688 «+ Cleveland 1, Ohio 


TINNERMAN 


FASTEST THING IN FASTENINGS® 


CANADA: Dominion Fasteners Ltd, Hamilton, Ontario. GREAT BRITAIN: Simmonds Aerocessories Ltd. Treforest, Wales. FRANCE: Simmonds S.A, 3 rue Salomon de Rothschild, Suresnes (Seine). GERMANY: Mecano-Bundy GmbH, Heidelberg. 
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e Long life 
@ Easy wiring 


e Wide-range 
adjustability 
KEBP2HB-5 
Check 


Nylon bearing in roller ¥ these 
rotating on steel stud, five 


needs no lubrication, ¥ advantages. 
gives years of service. 


Nylon insert in plunger cuts 

friction, minimizes side thrust, 
decreases wear on plunger bearing. 
Die-cast roller arm and forged 

actuator arm give high strength 

and rigidity. 

Roller-arm position is infinitely adjustable 
through a full 240 degrees of arc. 


Arm-adjustment locknut is 
self-tightening. 


And, as in all UNIMAX 
enclosed switches, wiring is 
easy because 


@ ail connections are 


Whenever you need sub-fractional horsepower... 


Meee eo ON le Rie ee ee ee made with standard 
rm — ree s P| stom basic switch outside 

motors . . . offering a wide choice of stoc ah cu o niaiak-eteins 

models, faster service, more for your money. Used in leading salle: ta: balauieaiin 


makes of appliances, phonographs, business machines, from either side of 


% case 
animated displays and other products. Pictured are three metal case can be 


of the basic Alliance models with typical specifications eens Gein otter 
below. All can be customized to your own specifications. side. 


batt) Write for catalog 


Piet ry ae Pvt 4 Watts Ct Peo Ls that gives details of the 
entire K series. 


Lt) VE ve) 2500 1702. 
225 et) Pa 12-14% 2302. 
i.) ORT] 29 2900 1802. ELECTRICAL 
RATINGS: 
20 amperes 


KER2HB-5 125/250/480 v. a-c 


KEB2HB- 
Write for complete catalog and price quotations . 


THE ALLIANCE MANUFACTURING CO. fRULSTEV:-) Gia Th gels 
Se. IVES ROAD, WIN) Pol ental 
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STATA 


@ In All Basic Circuit 
Configurations 


@® 2 Weeks' Delivery on 
Standard Assemblies 


® Traditional High 
Vickers Quality 


Vickers’ Electric Products Division has 
been a leader in the development and 
manufacture of selenium rectifier stacks 
for many years. This extensive practical 
experience and specialized skill have now 
produced a new line of silicon rectifier 
stacks. Like all Vickers rectifiers, they are 
outstanding for their exceptional quality. 
reliability and durability—characteristics 
verified by thorough laboratory testing. 
These pre-assembled stacks are easy to 
install, and are low in both initial cost 


and operating cost. 


ELECTRICAL CHARACTERISTICS 


e Available in all p.i.v. ratings from 50V to 1800V, and with current 
ratings from 2 to 105 amperes 


Voltage-dividing resistors provided in stacks employing series cells 
Extremely low reverse current and forward drop 


Stability at high temperatures 


MECHANICAL CHARACTERISTICS 

e Copper fins for high, fast heat dissipation 

e Nickel-plated and epoxy-coated for maximum corrosion resistance 
e Melamine High Voltage Insulation 


Available in fin sizes of 2”x 2”, 3”x 3”, and 5”x 5”, all .064” 
thick 
Keyed shaft, sturdy, dimensionally accurate construction and 


assembly. Ruggedness insures reliability in high vibration and 
shock applications 


Write for new 3320 Series Bulletins and price list (on your letterhead) er 


VICKERS INCORPORATED 


DIVISION OF SPERRY RAND CORPORATION 


ELECTRIC PRODUCTS DIVISION 


1803 LOCUST STREET / SAINT LOUIS 3, MISSOURI 


Sales Engineering Offices: BOSTON (Rep.)—CEdar 5-6815 e CHICAGO—JUniper 8-2125 e CLEVELAND—EDison 3-1355 
DETROIT—TOwnsend 8-5100 e SAN FRANCISCO (Rep.)—Fireside 1-3433 © ST. LOUIS—CEntral 1-5830 © ST. LOUIS (Rep.)—JAckson 1-4877 
SYRACUSE (Rep.)—GRanite 4-4889 eLOS ANGELES—DAvenport 6-8550e NEW YORK CITY—LEnnox 9-1515 eWASHINGTON, D. C.— EXecutive 3-2650 
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Hundreds of standard 


JONES 
TERMINAL PANELS 


Complete equipment for 
SPECIALS 


Several pages of Jones Catalog 
No. 22 illustrate standard and 
specia! panels we are constantly 
Send your producing. Latest special equip- 
. . mer.t enables us promptly to pro- 
specifications cuse practicclly any panel re- 
quired. Send print or description 
for prompt tor prices, w-:thout obligation. 
votation Hundreds of standard terminal 
4q strips also listed. Send for Cata- 
leg, with cngincering drawings 

and data. 


JONES MEANS 
Proven QUALITY 


HOWARD as Jones DIVISION 


MANUFACTURING COMPANY 


STENER CORP 


eliminate ‘“‘squeal’’ and 
welding | 
Ward Leonard dimmer control 


Contact “squeal” and welding have been elimi- 
nated on the‘ Radiastat*’ dimmer control because 
the manufacturer, Ward Leonard Electric Co., 
switched to Gibsiloy C-5 silver-graphite electrical 
contacts. 

The “Radiastat” is an auto-transformer device 
for smooth dimming of theater, church and audi- 
torium lighting. Self-lubricating properties of the 
Gibsiloy contacts ended objectionable “squeal” as 
the device is rotated. In addition, the C-5 contacts 
prevent welding due to high lamp inrush currents. 

Similar Gibson experience in manufacture of 
Gibsiloy C-5 silver-graphite contacts approved by 
Ward Leonard for the “Radiastat” can solve your 
electrical contact problems. Complete data is 
available on all Gibsiloys made of silver, tungsten, 
copper, nickel, palladium and other materials to 
suit your need. eis nih iinbiilie 


Ward Leonard 6.6 KW 
‘Radiastat’ dimmer control 


g in Sweet's Product 
Design File or write for Gibson 
Catalog C-520 


ri 

— 

C-5 silver eae FF 
contact brush 


Reg. Trademark, \ 
Ward Leonard 
Electric Co 


my 1 ( 
MUTUCTE Gipson Etectric COMPANY 
Box 590 DELMONT, PA. 


Circle 379 on Inquiry Card 
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silver, brass, or any other metal or 
alloy. Insulation is epoxy or other 
resins, with or without fillers, flush with 
conducting areas. Size, shape, plating 
and cede pattern can be supplied to re- 
quirements. Beck’s, Inc., 300 E. Fifth 
St., St. Paul 1, Minn. 

Circle 614 on postcard at end of book 


MICROWAVE MIXER DIODE 


IN78D silicon point-contact diode may 
be used in 16,000-me first-detector ap- 
plications. Diode features maximum 
conversion loss of 5.7 db and overall 
noise figure of 7.5 db. Hermetically 
sealed and specified for operation 
up to 150 C, I-F impedance range, 400 
to 565 ohms; r-{ impedance (VSWR) 
1.5. Available in matched pairs for 
balanced mixer operations. Philco 
Corp., Lansdale Div., Lansdale, Pa. 
Circle 615 on postcard at end of book 


WIRE-MESH CORD GRIPS 


Grips provide graduated reduction in 
cable flexibility near connector and 
thereby reduce cable failure resulting 
from extremely rough usage. Ordi- 
narily, the cable goes immediately from 
its inherent flexibility to the rigidity 
of the connection and mechanical fail- 
ure tends to occur more frequently at 


this point. Grip controls radius of 
curvature so that sharp bends and sub- 
sequent rupture are also eliminated. 
Gripping action is distributed along 
a substantial length of cable. Mesh 
cord grips available for cables rang- 
ing from %4 to 1'%¢ in. O.D. Ralco 
Mfg. Co., 123 No. Albany Ave., Chi- 

cago 12, II. 
Circle 616 on postcard at end of book 
(Continued on page 414) 
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AS SMALL 

AS O x 1/8 

ALL TYPES 

ALL. MATERIALS 
ALL. FINISHES 


SMALL 
SCREWS 


Special equipment and special engineering and 
tooling experience enable us to produce any desired 
quantities of close-tolerance screws in the smallest 
sizes, including body diameters down to No. 0 
(.060”) and lengths as short as 4%”. Quotations will 
be furnished promptly on request, engineering or 
design assistance available wherever needed. Some 


sizes are stocked. Write for our Small Screw Stock List. 


SMALL COLD-HEADED PIECES 


Likewise, our facilities are available for production 
of tiny cold-headed pieces of all kinds, one example 
being the little special rivets shown in comparison 
with a pencil point at the left. Here again, many 
years of design and engineering experience is 
available for the solution of production problems. 


For suggestions, inquire of your Elco representative. 


ELCO i: SCREW CORPORATION 


1127 SAMUELSON ROAD, ROCKFORD, ILLINOIS 
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CABLE-bility 


ENGINEERING service 


when you need it! 


AMPHENOL Cable & Wire Division makes over 140 
RG-/U coaxial cables, but even this large selection can- 
not meet all the needs of the electronics industry. Here 
are recent examples of AMPHENOL engineering 
Cable-bility, cables designed and produced to special 
customer needs: 


. Low Capacitance, low loss cable using Polyfoam® 
dielectric— to maintain excellent electrical prop- 
erties under adverse mechanical conditions. 


. Low Loss, high power, flexible Teflon-tape cables 
for electronic counter-measures equipment. 


. Semi-solid Teflon version of RG-63/U for use in 
a production ICBM. 


. Pressurized cable with flexible metal-hose jackets. 


. Ultra-high Temperature cables, including one de- 
sign that operates at 1000°F continuously. 


Assistance in design problem areas 
is another way in which AMPHENOL 
Cable & Wire Cable-bility can help 
you! 


CABLE & WIRE DIVISION 


S. HARLEM AVE. at 63rd ST., CHICAGO 38 
AMPHENOL-BORG ELECTRONICS CORPORATION 


Circle 381 on Inquiry Card 


SMALL ELECTRIC 
CLOCK MOVEMENT 


Series F-71 clock movement is 1 in. 
deep, with 3 in. diam. Features include 
1.25-watt motor with directional mech- 
anism and motor support. Available in 


hand-, back-, or bottom-set types. Can 
be supplied with cord assembled; 115- 
volt, 60-cycle only. Permanent-magnet 
motor runs at 720 rpm. Output torque 
is 3 oz-in. at 1 rpm. William L. Gilbert 
Clock Co., Div. of General-Gilbert 
Corp., Winsted, Conn. 

Circle 617 on postcard at end of book 


FRACTIONAL-HP 
GEARMOTOR 


Worm-drive motor, Type WGM, applica- 
tions include business machines, ap- 
pliances, vending machines, remote 
television tuning and motorized valves. 
Two-pole, shaded-pole, a-c induction 
motor is available in voltages ranging 
from 6 to 220 volts, 50 or 60 cps. Can be 


designed for continuous or intermittent 
operation. Cooling fan available on 
continuous-duty applications with self- 
aligning porous bronze bearings with 
felt oil reservoir. Field coil can be 
furnished with solder terminals or 
leads. Quick disconnect terminals also 
available. Gear reducer output speeds 
from 1% to 300 rpm. Output torque as 
high as 50 in.-lb at 44 rpm. Double-cut 
worm precision-rolled on rotor shaft. 
Remainder of gearing available in 
molded nylon, phenolic, stamped steel, 
or machined steel, depending on output 
torque requirements. Available output 
shaft diameters are 46, 14, ’e and 3% 
in. Output shaft can be extended on 
either or both sides of gear box. Special 
mountings are available. Features may 

(Continued on page 419) 


ELECTRICAL MANUFACTURING 





"Mie. aeR@EAe + 


deliver the goods-start to finish! 


SS 
Yours from the case of the A. O. Smith Motor Man pa 
ae 


ate ileenem snail 


..the complete story of these 800 to 1 hp favorites 
and their winning ways in the toughest going 


Through research < .@ better way 


AOSmith 


oem eek A ee N 


| 
Don’t spare the horses! Whatever the load, whatever the distance, | 
the horses of A. O. Smith go to the post with that something extra | 
that pays off in the stretch, Single-phase models (1-5 hp) or poly- 

phase (1-800 hp), you’ll find these motors equal to every challenge | 
encountered on the most rugged applications. r 


Tipp City, Ohio 
A. 0. SMITH INTERNATIONAL S. A. 


And you can always rely upon your nearby A. O. Smith Motor 
Man. He’ll ride all night to provide you with 24-48-hour action on ia 
all parts and service orders. COPYRIGHT 1960, A. 0. SMITH CORP. 


Milwaukee 1, Wisconsin, U. S. A. 


“ 
| 
| 
| 

ELECTRIC MOTORS | 
| 

sania 
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When it comes to SEMICONDUCTORS 


For the most complete line of solid state devices... 


@ Westinghouse has perfected the widest selection of rectifiers, 
transistors, and special semiconductor devices available in the 
industry. In Silicon power rectifiers, Westinghouse is the 
acknowledged leader in the field. 


For the most dependable semiconductor devices... 


@ Every Westinghouse semiconductor device has been carefully 
designed, manufactured, and thoroughly tested to assure long life, high 
reliability, and excellent stability. 


For true voltage ratings in silicon power transistors... 


@ Only Westinghouse 2N1015 and 2N1016 silicon power transistors offer 

true voltage ratings, guaranteed by 100°% power testing—means they may be operated 
continuously at the Vcr listed provided the power dissipation of the transistor is 

not exceeded. Other conventional power transistors derate the Vcr voltage 

under comparable conditions. 


For new and unusual ideas in semiconductors... 


@ Westinghouse is constantly pioneering in exciting new 

semiconductor devices. Among the latest: a new 50 ampere “TRINISTOR”* 
controlled rectifier; new thermoelectric cooling devices; an extremely 

rapid and sensitive infrared detector. 


For quality, reliability, performance, and availability... 


@ Come to Westinghouse! For more 

information call your Westinghouse representative, 
or write directly to Westinghouse Electric 

Corp., Semiconductor Department, Youngwood, Pa. 


you CAN BE SURE...IF 7s Westi nghouse 


*Westinghouse Trademark Westinghouse Semiconductor Department, 


Youngwood, Pa. 
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SILICON RECTIFIERS PRY Max. DC Current 


Resistive Load Full Lo Temp. & P.1.V. 


1N1217 SERIES 50-1000 v. | 500 MA @ 110°C. AMB. 15 AMPS. 1.5 MA@ 150°C. 
1N1227 SERIES 50-1000 Vv. 1.6 A @ 140°C. CASE 15 AMPS. JUNCTION 


a 1N1341 SERIES 50-600 V. 6AG 160 AMPS. 
ne reel i 1N1199 SERIES 50-600 V. 12AG@ 200 AMPS. 10 MA @ 190 S. 
RECT. — 1N1191 SERIES 50-600 V. 18A@ 220 AMPS. 

1N1183 SERIES | 50-600 V. 35 AG 220 AMPS. 


1N1396 SERI 50-500 V. 70A & 1200 AMPS. 30 MA @ 190°C, 
~— . JUNCTION 
ff 1N1660 SERIES 50-500 V. 160A @ 2000 AMPS. 40 MA @ 190°C, 


5 JUNCTION 
: IN1670SERIES | 50-500V. 240A @ 3000 AMPS. 50 MA @ 190°C, 
JUNCTION 


439 SERIES 50-600 V. 240A @ 3000 AMPS. 


Typical Operation 


AUDIO-PNP 
AUDIO-PNP 
AUDIO-PNP 
iF  -PNP 
iF — -PNP 
\F — -PNP 


fame 


2N1015 SERIES—2 AMP. e ALPHA CUTOFF 
1 A .300 


2N1016 SERIES—5 AMP. i 10 (Vec=4V ALPHA CUTOFF 
=5 A) .300 


50 AMPERE SILICON “TRINISTOR”* ne | hee 
Wee aa aioe, | Netoge | "Yims 


TYPICAL 
50-200 VOLTS 50-200 VOLTS 1.0 » SEC, 15-20 » SEC, 


. | Standard rectifier assemblies are available in all types of circuit 
RECTIFIER \ : : configurations, and are designed for either forced airor natural 
convection socting with a wide range of ratings. Nickel-plated 


Y 44 r copper plates and other materials used in these assemblies 
ASSEMBL a , have been chosen to insure satisfactory performance in corro- 
‘ ’ ' sive atmospheres and high ambient temperatures. 


wpe en ey amma 


j : : Two types are available in commercial quantities: WX814 —— 
(2.5 oz.) and WX816 (3.0 oz.). Both types measure about an 
aaeaeee — inch and a half square and will find immediate application in 
couling germanium transistors, infrared detectors, optical sys- — 
COOLING Wa TR aS . tems, mechanical and electric instruments, laboratory and 
— portable medical equipment, and related fields where spot 
. 7 cooling below ambient is necessary. 


Noise Equival Wave-le Ti Constant, 
INFRARED —— Type nour (MEP) Wott niepural wien a, SEC. 


WAAR SS , 812 aeem sacar aides 0.1 0.2 MAX. 


The types listed are just a small sampling of the complete line which can be supplied in volume quantities for prompt deliveriann, 
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Model 961 Group Instruments 


Model 741 Group Instruments 


AMPERES 
oc 
WESTON 
VOLTS 
at 


wt STON 


AMPERES 
D.C 


wistos 


A-C 


8 2) @ o Long scales (Model 961 Group: 3.17”... Model 


741 Group: 3.24” A-C and 3.52” D-C) 


Oo 2) © QO Excellent natural illumination (self-contained 


lighting optional) 


TH ESE WESTON iy 2) ay © High rated accuracies (Model 961 Group: 2% of 
RECTANGU LARS @ a es © High sensitivities ... low response times 
LEAD TH E FIELD ee 2) ) o Excellent torque-to-weight ratios 


Dielectric test — 5000 volts A-C 
The well-balanced design, fine appear- se 


é includes A- i 

ance and desirable features of these 8 Grown includes A-C rectifier type instruments 

Weston instruments reflect a 70-year ab & D-C and rectifier type instruments have mag- 
2.9 . . netic shunts for precise adjustment 

tradition of fine engineering and crafts- 


manship. If you’re not already well 


: . ‘ These instruments are particularly suitable for a wide variety of spe- 
acquainted with these notable models, cialty applications where other than cataloged accuracies are desirable. 


look over this check list — you'll not find 
better value anywhere. 


For full information, contact your 
local Weston representative + or write 7 UN 
to Weston Instruments Division, Day- DAYSTROM moorronaras 
strom, Incorporated, Newark 12,N.J./n — Sa lahat a tilt ai lia i 
Canada: Daystrom Ltd., 840 Caledonia 
Rd., Toronto 19, Ont. Export: Day- World, Loader mW sucasurermont and controk 
strom’s International Sales Division, 
100 Empire St., Newark 12, N. J. 
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be added, such as: solenoid brake, 
thermal overload protection, varnish- 
impregnated stator, stainless steel or 
plated shafts. Molon Motor and Coil 
Corp., 3739 Industrial Ave., Rolling 
Meadows, III. 

Circle 618 on postcard at end of book 


MICROWAVE STEP 
ATTENUATORS 


Designed for use where manual op- 
eration of attenuators is not practical, 
6- or 12-position automatic step at- 
tenuators are powered by motor-oper- 
ated driving mechanism. Actuation of 


rotary switch or pushbuttons causes 
mechanism to insert desired attenua- 
tion value. Standard attenuation values, 
from 0.1 db to 60 db at one or four 
watts. Frequency range is d-c to 4 
kmec. Empire Devices Products Corp., 
Amsterdam, N. Y. 

Circle 619 on postcard at end of book 


MINIATURE 
PRESSURE SWITCH 
Model 760 operating pressure is 25 to 
1000 psi in two adjustable ranges. 
Model A covers 25 to 250 psi and B, 
200 to 1000 psi. Proof pressure of 
piston-operating switch is 5000 psi. 
Steel or aluminum envelope size, 34 hex 
by 3.12 in. SPDT switch rated 5 amp 
at 240 volts. Operates in any position, 
14 in. NPT pressure port for any media. 
Cadmium or anodized finish. Fixed 
differential. Alloy Bellows, Inc., 18125 
Roseland Rd., Cleveland 12, Ohio. 
Circle 620 on postcard at end of book 
4 


ELECTRO 
MAGNETIC PICKUPS 


WHAT THEY ARE se2a self-generating 


frequency source providing the connecting 
link between mechanical motion and 


instrumentation. 


WHAT THEY DO ees Without contact, 


pickups generate frequency /voltage 
proportional to speed of any ferrous metal 
objects interrupting their magnetic fields. 


1 of 1000's of applications. Wide variety of 
stock models for immediate delivery. Unlimited 
variations available on special orders. 


For most any 
application .. . & 
Sizes as small 

as 4%" dia. x 1" 

long .. . Weights 

from .2 oz.... 
Operating 

temperatures 

up to 800° F. 


Measuring RPM 


ELECTRO PRODUCTS LABORATORIES 
4501-M North Ravenswood, Chicago 40 


Canada: Atlas Instrument Corp., Ltd., Toronto, Ontario 
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now... 

the perfect 
combination for 
Low Cost 


Pre-Insulated Splicing 


Buchanan “WIDE-RANGE” 
Pre-Insulated Splice Caps 
Just 1 size for 2 #18, 2 or 3 
#16, 2 #14, 1 #12 with 1 
#14—or equivalent 
combinations. 

Tough see-thru Nylon. High 
insulating value. Easy 
inspection. 


Buchanan 
Ratchet-Controlled 
tri-SURE-tools 

Just 1 size— Hand or Pneu- 
matic. Fast acting — no adjust- 
ments —no wire twisting — 
load either side — splice caps 
self-positioning. 

Exclusive three-indent rolling 
action crimp provides peak per- 
formance — no puncturing of 
insulation. 


UL & CSA approved — 600 V. 
max. bidg. wire; 1000 V. max. 


in fixtures —to 105°C. Also 
UL approved for 1000 V. max. @ 


in electric signs. 


Write for Bulletin M-5 


Booth 2220 
Design Engineering Show 
New York-May 23-26 


BUCHANAN 
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KLEIN PLIERS 


make wiring faster 
...easier 


Many Klein Pliers are 


available with a coil spring to 


keep jaws in open position. 


Spring is guaranteed for the life 
Ls 


Klein Pliers may be ordered with dipped-on plastic-coated handles. 


There’s a lot to like in Klein Pliers. 
There is a size and style for every 
job, even the toughest wiring as- 
sembly. All are made of finest alloy 


steel, individually tempered and 
tested. They are backed by the Klein 
name, serving industry for more 
than 100 years. 


Yours for the asking— 


free copy of the new 
Klein Pocket Tool Guide. 


our 


ASK YOUR SUPPLIER 
Foreign Distributor: International Standard Electric Corp., New York 


Mathias meer 1 @ BM Ly Feces & Sons 


200 rays Ue eee 


e CHICAGO 45, ILLINOIS 
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RESISTOR NETWORKS 


Available in prototype or production 
quantities in virtually any arrangement 
of values and physical configuration, 
networks may be supplied with resistor 
ratio-matching accuracies to 0.005 per 
absolute tolerances of 0.01 


cent with 


‘eo 


Standard coeffi- 


distributed capacitance, 


per cent. 
10 ppm; 
as low as 0.5 picofarad; rise 


temperature 
cient, 
time, as 
depending upon net- 
Frequency 
Resistors are 


low as 0.1 
work 


range to 


psec, 
circuit configuration. 
250 ke available. 
noninductively wound. Can be provided 
mounted 
high- 


used 


in hermetically sealed cases, 


on boards or encapsulated in 
temperature epoxide resin. Can be 
voltage division 
and other applications. Kelvin Electric 
Co., 5509 Noble Ave., Van Nuys, Calif. 
Circle 621 on postcard at end of book 


ROD WIPER SEAL 


Combination rod wiper and rod scrapet 
called the SC Wipe: 


provides protection for 


as summing networks, 


within a single unit, 
Scraper Seal, 
packagings on reciprocating shafts and 
hydraulic cylinders exposed to heavy 


dirt conditions. Scraper removes frozen 


and other materials 


Seal 


or caked mud, tar 
firmly stuck to rod. 

thin brass scraper ring 
synthetic 


consists of 
in tandem with 
member, both 
shell. OD of 
scraper ring has sufficient play within 
shell to and 
424) 


rubber wiping 


clamped within steel 


outer permit realignment 


(Continued on page 
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Why not give yourself a real surprise! We refer to the 
ease with which you can convert the contacts of these 
Allen-Bradley Bulletin 700 Type BR control relays. 
Using only a screwdriver, contacts can be changed 
from normally open to normally closed (or vice versa) in 
seconds—without removing the relay from its mount- 
ing—or its wiring. This ‘‘on-the-spot’’ convertibility 
certainly suggests an appreciable moneysaving reduc- 
tion in your relay inventories. 


NOTICE! 


60 Second 


Contact 
Convertibility 


ALLEN-BRADLEY 
CONTROL RELAYS 


can thus easily be changed 
from N.O. to N.C. (or vice versa) 


Extensive tests have proven conclusively that the Bul- 
letin 700 Type BR relays are good for many—and we 
mean many—millions of trouble free operations. A 
‘built-in’ permanent air gap completely eliminates all 
possibility of magnetic sticking. Naturally, the double 
break, silver contacts never need attention. Also, the 
molded coil is your assurance that even the most 
severe atmospheric conditions cannot cause trouble. 
Please write for full details on these relays today! 


BUT HEAR THIS! 


In the event that when ‘‘on-the- 
job” it is discovered that some- 


thing was either overlooked or 
added, the standard Bulletin 
700 Type BR—either 2, 4, or 6 
pole relay—can easily have 
added to its base, out in the 
field, either one or two switch- 
ing poles. It is done as easily 
as “falling off a log.” 


FIVE RELAYS 
IN ONE 


This shows how a 
Type BR relay 
can be arranged 
—in seconds—to 
do the job of five 
different relays. 





General-Purpose 
NEMA 1 


Explosion-proof 
NEMA 7 


ALLEN - BRADLEY 


Member of NEMA 


Waterproof 
NEMA 4 


QUALITY 
MOTOR 
CONTROL 





ALLEN-BRADLEY 
PHASE FAILURE ... 
PHASE REVERSAL 
RELAYS 


will provide positive protection for 
high-horsepower, high-priced motors! 


It’s sound “economy” to guard your investment in ex- 
pensive motors and equipment against the extensive dam- 
age that can result from a phase failure or phase reversal. 
Allen-Bradley’s Bulletin 812 Style RF relay provides com- 
plete, positive protection against both of these hazards. 


The Bulletin 812 Style F phase failure relay instantly 
detects all open phase conditions on a motor branch cir- 
cuit and removes the motor from the line—yet is not 
subject to nuisance dropouts from transient line fluctua- Bulletin 812 Style RF for 
tions. An unusual feature of this Style F relay is its positive Phase Failure and Phase Reversal consists of 


response, regardless of motor load or type of motor branch Style F Phase Failure and Style R Phase Re- 
circuit employed. versal relays in the same enclosure. 


The Bulletin 812 Style R phase reversal relay discon- 
nects the motor from the line—whether it is running or 
not—when a phase reversal occurs on the line side of the 
relay. Thus, it can be used to protect a single motor or a 
group of motors. Furthermore, the Style R relay removes 
the motor from the line should a phase failure occur while 
the motor is stopped. 


All A-B Bulletin 812 relays are completely ‘‘fail safe.” 
It will pay you to investigate this economical insurance 
against the heavy losses that can—and frequently do— 
result from phase failure and phase reversal. Write today! 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. Bulletin 812 Style F Bulletin 812 Style R 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont. for Phase Failure for Phase Reversal 


ALLEN-BRADLEY weer” 
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ALLEN wesw oity pinch Press 
thm. Designed for 


Automatic Electrical 
Terminal Crimping 


Powerful, Saaee 
and compact for 
trouble-free 
operation 


Few of the many features 


e Easy operated control 
switch. Operated by 
hand or foot. 


= e Easy adjustable ram 
Model BM-4 - 4 Ton Power $299 for die setting. 
Bench Type Punch Press fob Standard Stroke—1”. 


Complete with brake. 3 H.P. motor*éncased %4" to 1%" special 
in frame casting. Solenoid operated clutch. strokes available. 
With one hand or foot control switch. 


Hundreds of other Thousands in Use 
different model combinations © ~~ ; 


the: World over 
1 to 12 ton capacities ¥ 


Model 8-2 — 210n — $97.50 See your Supply Dealer 
ee © r. wri r_ catalog 
Model BT-5 5 ton $199.50 | giving “complete _ infor- 
Model BT-8 — 8 ton — $347.50 mation, . specifications 
Model BT-12 — 12 ton — $437.50. and prices. — 
above prices fob less motor ; x Gea Matin! 


Ba wee 


STU Meera 


. Electrical Coil Windings 


WIRE SIZES +6 to +56 


For 43 years .. . specializing in all types of 
coils to customers’ specifications. Design or 
engineering assistance available on request. 


COTO-COIL CO., INC. 


SINCE 1917 
63 Pavilion Avenve Providence 5, thode tslend 


Circle 390 on Inquiry Card 


—FOLDING DOUBLE CUPPED WASHER LUGS- 


With or Without 

Insulation Grip— 

Small or Large 

Screw Hole. For 

, - Standard, Extra 
EASY TO APPLY «¢ NO TOOLS REQUIRED Flexible Strand- 


5 C e ; - ingand Solid Wire 
Minainibeail KRUEGER & HUDEPOHL, INC. Ka 
1043 EVANS STREET, CINCINNATI 4, OHIO 
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are yOu 
VOU OMNI EoS 
the fastest, lowest-cost way? 


= 


WIRE CONNECTORS 


perfect for assembly-line wiring 


highest quality, but lower in cost than any other 
way—proved by a large manufacturer that 
cut costs 88%... and others 


easier, quicker to apply—lock on, 
won't shake off—good for your product's life 


high mechanical and dielectric strength 
connection—with special, generous length, all 
plastic shell that resists moisture and chemical 
action-—best insulation you can get 


smooth, non-abrasive threads twist and grip 
wires firmly without damage to even the 
finest stranded wires 


* fool-proof—scientific knurling provides fast, 
easy twist-on by hand or small power driver 


¢ 5 sizes, approved for 300V and 600V 
(1000V in fixtures) for all production needs 


make 
sure... 


TRY FREE SAMPLE 
ASSORTMENT NOW 


"“SPLIT-SECOND” 


CONNECTOR DRIVER 


Low-cost. Provides 
exact twist and right 
tension with stalling 
motor—can't rip 
wires off! Light, 
hand-squeeze con- 
trol—no clutch. 5 


sizes —ask for details. | } 


eeoeeeeeeeeeeeeeeeeeee eoeeeeeeeeeee 


IDEAL INDUSTRIES, Inc. 
1108-E Park Ave., Sycamore, Ill. 


Send free sample assortment of ‘‘All-Plastic’’ Connectors. 


Occ cereectttenenietecteneintttiinannstnaeetamaniea 


Company 
Address 


i tees . ——————— 
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NEW! 
UREA NLS 


Tough, nylon body 
mer 
Re eee 


This new series of molded nylon 
knobs and dials offers fresh, modern 
styling along with the strength and 
insulation properties of a rugged, 
nylon body. For 4” shafts—ideal for 
laboratory and test instruments! 4 
types available: basic knob; pointer 
knob; dial knob 10-0/180°; and dial 
knob 10-0/270°. Ridged gripping 
surface for positive, comfortable 
“feel” — collet and nickel-plated 
locking screw designed for positive 
internal attachment. 


OTHER KNOBS AND DIALS — Johnson also 
manufactures a distinctive line of matching 
knobs and dials molded of tough, black phe- 
nolic to MIL-P-14 specifications. Metal dials 
and pointers are etched, satin aluminum, ano- 
dized finish—all knobs furnished with accu- 
rately centered brass inserts. Variations such 
as special shaft sizes, scales, or indicators 
available in production quantities 


SHAFT COUPLINGS — Flexi- 
ble and rigid types for cou- 
pling V4" to Va"; Va" to Ye"; 
and ¥%" to ¥” shafts. 
FLEXIBLE SHAFTS — 3” and 
6” lengths for out of line or 
up to 90° angular control. 
PANEL BEARINGS—For use 
on 4" shafts and panels 
up to Ye” thick. 

MULTIPLE CRYSTAL SELEC- 
TOR — Accommodates up to 
10, type FT-243 race 
CRYSTAL SOCKETS AND 
CERAMIC PLUG — For low 
capacity, high voltage and 
high temperature operation. 
Glazed steatite, Grade L-4 
or better, DC-200 impreg- 
nated. 

RF CHOKES — High quality 
construction. For 1.7 to 30 
mc. range and VHF. 


Now Caldlog 


Write today for our newest : Pray 
electronic components ‘ 
catalog — complete 

specifications, engineering 
prints and current prices on: 


COMPONENT 


© Capacitors ¢ Tube sockets © Connectors ¢ Pilot 
lights ¢ Insulators * Knobs, Dials ¢ Inductors « 
Hardware 


E.F. JOHNSON CO. 


2301 2nd Ave. S.W. * Waseca, Minn. 
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tolerance of any off-center condition- 
of rod. Seal is available in stock sizes 
for shafts ranging from 4% to 6 in 
diam. Oil Seal Div. of Chicago Raw 
hide Manufacturing Co., 1301 Elston 
Ave.. Chicago 22, IIL. 


Circle 622 on postcard at end of book 


MODULAR SPEED REDUCER 


By combining two or three Model 030 
reducer modules, twenty different gear 
ratios become available. Four basic 
ratios, 5, 10, 20 and 25:1. can be ar- 
ranged to provide ratios ranging from 


PEON RO RMS OF tp mers 


5:1 with a single modular speed re 
ducer, to 15.025:1 by combining three 
reducers. Size, 154 x 1% x 1 in.; 
weight 41% oz. Industrial Sales Dept.. 
Link Div. of General Precision, Inc 


Binghamton, N. Y, 
Circle 623 on postcard at end of book 


DPDT POWER RELAY 


Series ST relay is suited for starting 
motors up to | hp and other applica- 
tions requiring high-current or high- 
voltage switching. DPDT relay features 
one-piece molded-base construction 
coupled with shielded-screw electrical 
connections. Contact rating is 15 amp. 
rated at 115 volts, 60 eps. Available 
voltages range from 6 to 110 volts d-« 
and all standard a-c voltages to 440. 
Contact material is gold-flashed fine 
silver, 5/16 in. in diam. Line Electric 
Co., 271 So. Sixth St... Newark 3, N. J 
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unlimited 
scope in 
commutator 
design 


when you rely on 


toledo 


U. S. Air Force-approved quality control 
features and unlimited scope of design 
are yours in Toledo commutators. Made 
from only the finest silver-bearing cop- 
per, high grade steels and mica, Toledo 
commutators and collector rings are 
uniformly perfect, no matter how many 
you order. 


MANY SIZES of commutators and 
collector rings are available for 
immediate shipment from stocks 

on hand, and complete tool- 

ing facilities make possible 

quick production of other 

special sizes, or 

samples. 


Toledo's special- & 
ization in this field 

meons savings for 

the manufacturer 


who makes his 
own - - by reducing his inventory costs, 
and by savings in both scrap and rejects. 


PRECISION AND ACCURACY of 
manufacture are important reasons for 
using Toledo commutators. Repeatedly, 
Toledo has shown that 

it can produce better 

commutators at 

less cost than the 

manufacturer 

who attempts to 

build his own 


PROMPT DELIVERY to meet any 
manufacturer's schedule requirements is 
always possible because Toledo 
Commutator Co. has its 

engineering and production 

facilities geared to produc- 

ing these products only. 


Write today for 
catalog #60. 


toledo 


commutator co. 


Owosso 6, Michigan 
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Applications requiring 
UL approval? 


rimental work 
cmp (Build up)? 


Feed-thru application? 
FT PME pate 


Curtis Terminal Blocks Make Better Connections — 
Economically — Quickly. A Type for every purpose. 


CURTTS ptvetopment & MFG. CO. 


3222 North 33rd Street Milwaukee 16, Wisconsin 
Circle 395 on Inquiry Card 


ELECTRICAL ENGINEER 


for 


ADVANCE DEVELOPMENT 
of 
SEMICONDUCTOR DEVICES 


PHD, MS or equivalent with a background 
in electronic circuits to specify optimum 
device parameters for specific switching 
and high frequency applications and to 
design and develop new device structures 


employing specific process approaches. 


WRITE: M. D. Chilcote, Div. EM-5 
Semiconductor Products Dept. 
Electronics Park, Syracuse, N. Y. 


GENERAL @@ ELECTRIC 








MINIATURE 
SOLENOIDS 


(Miniature Enclosed) 


Powerful—small in 

size 

Five standard types from 

4" to 1” diameter 

High temperature insulation 
Pull and push types 
available 


Made to meet and 
exceed MIL speci- 
fications 


® Various mounting 
arrangements 


Designed for DC application only, these units 
are available with ratings up to 125 volts, 
unique construction meets exacting specifications, 
provides long life. 


Write for complete information. 


SOLENOIDS + COILS + ELECTRICAL COMPONENTS 


anderson controls, inc. 
General Offices 


9959 Pacific Avenue @ Franklin Park, Illinois 
Phone: Gladstone 1-1210 
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SPRAGUE RELIABILITY 


in these two dependable 
wirewound resistors 


MINIATURE 


VITREOUS-ENAMEL POWER RESISTORS 


New Koolohm construction fea- 
tures include welded leads and 
winding terminations — Ceron 
ceramic-insulated resistance wire, 
wound on special ceramic core— 
multi-layer non-inductive windings 
or high resistance value conven- 
tional windings — sealed, insula- 
ted, non-porous ceramic outer 
shells—aged-on-load to stabilize 


Sprague’s new improved construc- 
tion gives greater reliability and 
higher wattage ratings to famous 
Blue Jacket miniature axial lead 
resistors 

They are ideal for use in minia- 
ture electronic equipment with 
either conventional wiring or 
printed wiring boards. 

Get complete data on these de- 

pendable minified resistors, write 
for Engineering Bulletin 
7410. 
TAB-TYPE BLUE JACKETS: For 
industrial applications, select 
wattage ratings from 5 to 218 
watts in Sprague’s famous Tab- 
Type Blue Jacket close-tolerance, 
power-type wirewound resistors 
Ideal for use in radio transmitters, 
electronic and industrial equip- 
ment, etc. For complete data, 
send for Engineering Bulle- 
tin 7400A., 


NEW SMALLER SIZE 


INSULATED-SHELL POWER RESISTORS 


Oo 


PLASTICS LOCK NUTS 


Open-end acorn lock nuts made from 


| du Pont Delrin have been developed 
| for light-duty applications where corro- 
| sion resistance and reusable locking 
| action are desirable. Said to cost about 


| 
| 


one half the price of aluminum acorn 
lock nuts, No. 10 and 14-in. sizes are 


&’ &- 


Fe 
se 


available. Since acetal resin nut forms 
own thread as it is assembled, No. 10 
size fits both 10-24 and 10-32 threads, 
and 14-in. size fits both 14-20 and 14-28 
threads. Colors available are metallic 
gray to blend with aluminum, metallic 
gold and natural (off white). Nuts have 
holding strength of 500-600 Ib under 
straight tension for the No. 10 size and 
600-700 Ib for the 14-in. size. Prevail- 
ing torque is 8-10 in.-lb for No. 10 
size and 10-14 in.-lb for 1-in. size, 
while stripping torque is more than 20 
for former and 25-30 in.-lb for lat! r 
size. Russell, Burdsall and Ward Bolt 
and Nut Co., Dept. DN, 102 Midland 
Ave., Port Chester, N. Y. 

Circle 625 on postcard at end of book 


CHASSIS MOUNTING SLIDE 


Tilt-lock C-300 detent slide is only 
1.687 in. high and 0.352 in. wide. De- 
tent slide can be installed in smallest 
standard RETMA drilled rack panel 
increment of 154 in. Slides lock in three 
service positions: 90 deg up, horizontal 
and 90 deg down. Supports loads up to 
50 lb and may be obtained in lengths 


of 12, 14, 16, 18, 20, 22 and 24 in. Cold- 
rolled steel slides are cadmium plated. 
then coated with molybdenum disulfide 

(Continued on page 430) 


resistance value. 


You can depend upon them to 
carry maximum rated load for 
any given physical size. 


Send for Engineering Bul- 
letin 7300 for complete 


technical data. 


ALL UNITS ACTUAL SIZE 


SPRAGUE ELECTRIC COMPANY 


307 MARSHALL STREET + NORTH ADAMS, MASS. 
NENTS * TRANSISTORS * INTERFERENCE FILTERS * DR 0 ts Uj 
PULSE NETWORKS * HIGH TEMPERATURE MAGNET 


WIRE * PRINTED CIRCUITS THE MARK OF RELIABILITY 


SPRAGUE COMPONENTS: 
RESISTORS * CAPACITORS * MAGNETIC COMPO- 
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_ 400 Cycle: Many for 125°C operation . one Higher for special a| 


Many Immediately Available From Stock in Small Quantities 


Highly Stable. Minimum Error 


SYNCHROS Variation from — 55°C to +125°C 


ROTOR STATOR NULL 
input OUTPUT PHASE = ; 


RESIST- RESIST- 
watts VOLT- SHIrp) ANCE ANCE 


G (° LEAD) (OHM) OHMS 
4253-01* LZ-CT lke G7 .. 23.5 9.0 157.0 24.0 212+j722  28+j119 263+j69 
4269-01* Diff 11.8 .087 .21 118 90 35.0 24.0 37+j139 28+j124 47+j13 30 
4273-01** XMTR 26.0 .100 .54 118 85 340 12.0 48+j255 12+j45 82+j31 30 
4277-01*  HZ-CT 11.8 .030 .073 22.5 85 316.0 67.0 500+j1937 79+j350 594+j182 
4261-01** Resolver 26.0 .043 .39 11.8 15.0 162.0 22.0 208+j612  34+j159 243+/j77 30 


*Stator as Primary **Rotor as Primary 


SIZE 8 5 a SERVO MOTORS 


a 


2=R+jx er we Ne an = ce. LENGTH WEIGHT —T/I_ RATIO 


RATED E 0 
VOLTAGES TORQUE INERTIA IN. MAX. 02. RAD/SEC? 


288 = 226 +j176 
5004-01 294 = 238 +j174 


288 = 226 +j176 
5004-02 526 = 409 + j 332 


288 = 226 +176 
5004-03 715 = 582 +j415 


230 = 190 + j 131 
519 = 399 + j 332 


MOTOR TACH-GENERATORS 


OSTER RATED SYA *taap’ | WATTS GM. CM. LENGTH WEIGHT «T/T RATIO. GENERATOR INPUT yQUTPUT, 
TYPE VOLTAGES TORQUE SPEED PHASE INERTIA 'N. MAX. 02. RAD/SEC? = VOLTAGE =WATTS 1009/RPM 


230 = 190 +} 131 
6204-01 519 = 399 14332 - 6000 25 65 1.728 25 21,800 26 2.5 


230 = 190 +j131 
230 = 190 +j 131 


The Size 8 400 Cycle Servo Motor Tach Generators listed above 
f have 150° max. cont. frame temperature, 110 MA input current, 
+5° phase shift and Null Voltage (Total R. M. S.) of 15 millivolts. 


OTHER PRODUCTS INCLUDE: MANUFACTURING CO. 
Resolvers Servo Mechanis 
Avionic Division 
Computers Servo Torque Dnt ic 
Indicators DC Motors 


EASTERN 310 Northern Bivd. ¢ Great Neck, Long Island, New York WESTERN 5333 South Sepulveda Blvd ° Orit a Oe Or ilielaait 
OFFICE Phone: HUnter 7-9030 a TWX Great Neck N.Y. 2980 OFFICE Phone: EXmont1-5742 « UPton 0-1194 e TWX S. Mon. 7671 


| Interesting, varied work on —- 
Engineers For Advanced Projets: and servo mechanisms. 


Contact Mr. hoe eee 


ca rT g a 
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New 


Tab-Indicator 


Toggle 


Switch 


The new “400” Series Toggle Switch from MICRO SWITCH has a paddle-shaped 
tab which can be numbered or color-coded as an indicator. The standard model 
has a natural metallic finish which will maintain a fresh appearance through 
long and constant use. The anodized aluminum tab is also available in black 
or in colors. 


The basic switches used are precision snap-action, long-life units, requiring 
a minimum of space. They conform to specifications for MIL-S-6743, with 
two isolated single-pole double-throw circuits. Turret terminals make wiring 
easy, and contact enclosures are dust-tight. 


Five models are presently available in the “400” Series, including both 
"400" SERIES TOGGLE SWITCHES momentary and maintained contact types. Write for Data Sheet No. 174 de- 


Five models available, in- * 9 > scribing these new tab-indicator toggle switches. 
cluding 2-position and 3- . . 

position types. All are rated 

at 5 amperes, 250 vac. 


pmy peewee ctn HONEYWELL 
PI EERING THE FUTURE 
YEA RR 
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“1TL™ Series “4TL” Series 


Hermetically Sealed 4-Switch Assembly 


Assembly 


“1TL” Pull-to-Unlock 


1-Pole “TS” 2-Pole 


Sealed “TS” 


“Electrical Memory” Subminiature “TM” 


Assembly 


Precision Toggle Control Can Be Customized 


MICRO SWITCH manufactures hundreds of different toggle 
switches and toggle switch assemblies. In this complete line 
you can find the exact characteristics and contact arrange- 
ments you need. 


“TL” Series Silicone sealer between cover and case seals 
against dust or moisture. These switches are approved under 
MIL-S-3950A, operate in a temperature range of —85°F to 
+-250°F. Available in 1, 2 and 4-pole models with integral 
terminals. 

“TS” Series The toggle lever is sealed against dust and mois- 


ture. “TS” toggles meet specifications for MIL-S-3950A. 
Special plastic barrier plus extra distance between terminals. 


A keyed bushing prevents rotation. Wide choice of contact 
arrangements includes 1, 2, 3 and 4-pole types. 


Subminiature “TM” Weighs only 414 grams, measures 
only ¥2” x 4” at the base. Double-pole double-throw with 
wide temperature range and low circuit resistance. 


“AT” Series Toggle Assemblies MICRO SWITCH offers tog- 
gle switch assemblies of up to 16 basic switches. Hermetically 
sealed types are also available. 

There is a MICRO SWITCH branch office near you and 
prompt engineering help on the selection of toggle switches 
is available by simply checking the Yellow Pages. Be sure you 
get MICRO SWITCH precision and reliability. 


WRITE FOR NEWLY REVISED CATALOG 73 ON TOGGLE SWITCHES 


MICRO SWITCH... FREEPORT, ILLINOIS 
A division of Honeywell 
In Canada: Honeywell Controls Limited, Toronto 17, Ontario 


MAY 1960 


Honeywell 


MICRO SWITCH Precision Switches 
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COSMO nyion YODDINS 


ae You economize when you select a Cosmo 
U Nylon Bobbin to meet your requirements. A 
wide variety of sizes and shapes are avail- 


Save ws 
On 


BOBBIN... 

TOOLING... - Rectenguler 
WINDING... 

plus OTHER 


Costs 


Cosmo Nylon Bobbins have been 
field-tested in transformers, 
solenoids, relays and fractional Square 
horsepower motors. They can be supplied from 
stock or manufactured to your exact specifica- 
tions. End your search for new savings and 
quality by investigating Cosmo Nylon Bobbins. 


DATA BROCHURE 
ON REQUEST 


SALES DIVISION OFFICES 


Arizona, California, Colorado, Connecticut, Illinois, Massachusetts, Michigon, 
Minnesota, Missouri, New Jersey, Ohio, Oregon, Utah, Washington and Canada. 


Circie 401 on inquiry Card 


Powdered 
lron 
Toroids 


APPLICATIONS 
High @ circuits for 
@ Transformers — I.F., etc. 
b Precision filters 
¢ Delay lines 
d Linear Networks 


TOROIDAL FEATURES 
Reduces stray fields ond proximity effects to 
obtain better stability. 
Permits small coil construction 
Higher effective permeability 
Coupling not affected by tuning circuit 
High stability with temperature and time 
Low harmonic distortion 
improved insulation results in high Q 
Manufacturing methods permit close contro! of 
permeability ond Q 
Finishes of to thermosetting resins mini- 
mizes moisture ption ond provides insula- 
tion swvitable for winding enameled wire di- 
rectly on the core. 
CORE SIZES 

Cores are ilable in diameters from 9/32 OD 
to 2° oo 
ae From 8 to 45 
Recommended frequencies: 

Materials are. ovailable which will provide 

good Q from 0,1 to 25 MC 


Write for ee and further information. a 


at South Tulley (a3 llite, ay) 
Oak Lawn, Illinois ne 
; Phone: FReuATIOR 
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dry-film finish. Finish meets JAN 100 
hr salt-spray requirements and is ap 
proved for military use. Slides can be 
used to mount utility chassis as well as 
component chassis. Chassis-Trak, Inc., 
525 S. Webster Ave., Indianapolis 19, 
Ind. 

Circle 626 on postcard at end of book 


RESONANT-REED 
FREQUENCY RELAYS 


Frequency-sensitive relays (in 60 and 
400-cycle ranges) provide over- or un- 
der-frequency cutoff (or indication) for 
transfer switch operation, etc., in 
equipment such as ground power sup- 


port units and motor-generator sets. 
Frequency sensor consists of tuned, 
resonant reed driven by an electro- 
magnet connected to a frequency re- 
ference. When reference frequency cor- 
responds to fundamental mechanical 
frequency of reed, the latter vibrates to 
close contacts and operate self-contained 
control relay. Resonant frequency can 
be calibrated to +1 per cent. Standard 
models have 2-amp SPDT contracts in 
manual or automatic reset types. Mul- 
tiple-reed relays available for sequen- 
tial operation at various frequencies. 
Custom Built Controls. Inc., Box 1417, 
Denver 14, Colo. 
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STANDARD PRINTED- 
CIRCUIT CARDS 


Cards that use a standard grid pattern 
and hole spacing have been designed 
to allow alteration or modification of 
standard sizes to fit individual experi- 
mental or production applications. 
Modules feature circuit-contact exten- 
sions and land pattern compatible with 
standard 0.l-in. grid design. Also 
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DESIGN 
TIMING 
RELIABILITY 
INTO 
YOUR 
CIRCUITS 


specify... (OES 


NEW MINIATURE AGASTAT’ 


time | delay | relays 


® Recycling virtually instantaneous—less than .020 seconds 
® Unaffected by Voltage fluctuations (from 18 to 32 volts DC) 
® Repeat Accuracy +5% 


02ZZ-91ZZ+ HLOOB 
—MOHS ONIYIINION] NOISIG 3HA LV 41 33S 


This new AGASTAT meets the environmental requirements of MIL-E- 
5272A. Built to withstand the rugged conditions of missile and aircraft 
applications. Lightweight—less than 15 ounces. Space saving—45/” 
tall... 1'¥%6” wide... 14” deep. Adjustable, with time delays from 
.030 to 120 seconds. Choice of operation for energizing or de-energiz- 
ing. For complete specifications, write Dept. A3/-521. 


AGASTAT TIMING INSTRUMENTS 
ELASTIC STOP NUT CORPORATION OF AMERICA . 


1027 NEWARK AVENUE, ELIZABETH 3, NEW JERSEY 


GLASS—Hard, Dense, 
aes Slotted, Ground Threads, 
8-32 x 5/16, 1/2 & 7/8 


Circle 403 on Inquiry Card 
Smooth, Concentric, 
Hemispherical 
IN STOCK— Sizes 4, 6, 8 N.F. & N.C. 
4-48 x 7/32, 5/16, 3/8, 7/16 & 1/2 
HARTWOOD GLASS & METALS COMPANY 
P.O. Box 865 Martinsburg, West Virginia 


“GLASS | TIPPED’ SET SCREWS 
SCREW—Stainless Steel, 
6-40 x 9/32, 3/8 & 1/2 
Specializing in Glass Coated Metals for Electrical Insulation 
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developers of 


PHOTOENGRAVED 
CIRCUITS 


The Proven Process for Top Reliability 


® APPROVED 


CLEVELAND METAL SPECIALTIES CO. 


EAST 21ST STREET 
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© Permanently anchor 
exterior conductors 
Withstand strains up 
to 100 Ibs! 


Low cost, easily installed 
GRIPMASTER Strain Reliefs 
anchor cords and cables at point of 
entry and positively prevent loosening 
of the conductor at the terminals, Solve 
your cord and cable failures PERMANENTLY 
wherever exterior conductors supply the . 
power! Underwriters accepted. 
= . 


FOR EVERY TYPE OF CONNECTION 
EVERY ASSEMBLY LINE OPERATIO 


GRIPMASTER ALL-METAL TYPE 


Slight pressure permanently positions 
this one-piece type. The strain relief © 
forms a smooth metal band which is 
firmly locked in a tenacious grip about 
the cable. 


GRIPMASTER CLICKON TYPE 


Clicks on in seconds, locks securely in = 
position. The Clickon forms animmovable ~ 
ring with uniform pressure around the 
cable circumference. 


GRIPMASTER INSULATED TYPE 


Especially adapted to assembly line 
operations. Forms a neat, compact ring, 


holding the cable in a vise-like grip. 
ed rubber tubes available 


0,01! se 


CALL OR WRITE TODAY, FOR NEW 
CATALOG, SAMPLES, QUOTATIONS 


GEORGE WALKER compau) 


EXCLUSIVE MANUFACTURE 


GRIPMASTER WIRE 
BINDING SLEEVES — 
Prevent the fraying of 
cord ends. Specially treat- 


118 AMSTERDAM A 


Circle 406 on Inquiry Card 





MAKE YOUR SELECTION FROM 
THE ‘HIGH RELIABILITY’ 


offering 
a complete 
range from 
25 to 1000 
watts plus 
MIL types 


Three Terminal, 25 Watt 
Type A Rheostats — 


Functions smoothly as a rheostat or 
potentiometer under adverse operatin 
conditions. Strong, corrosion resistan 
terminals are weided to winding form. 
Vitreous enamel makes wound ring 
integral part of refractory base. 


Three Terminal, 25 Watt 
Type AM Rheostats — 


Rugged, compact components with ex- 
cellent heat dissipating characteristics. 
Feature porcelain, vitreous enamel con- 
struction with resistive element wound 
on a fiat, pure mica form within the 
refractory base. Circuit elements fully 
insulated from other parts. 


LINE 


, 


TYPE AMS 


Type AMS Rheostats 
with Screw Terminals 


This H-H quality component is essen- 
tially the same as Type AM except for 
terminals which are screw type. The 
25 watt AMS incorporates ali the me- 
chanical and electrical advantages of 
Type AM rheostat. 


50 to 1000 Watt 
Type H Rheostats — 


Comply with MIL-R-22 Specifications. 
H-H high temperature enamel provides 
maximum safety under overloading. 
Bus-bar design for ample resistance and 
safety at maximum current. Constant 
pressure contact assures trouble-free 
operation. 


Ruggedized H-H Resistors — Hardwick, Hindle Gray Line 
Resistors are available in fixed, adjustable, ferrule and axial lead types 
for all commercial and military applications. Super-rugged design assures 
complete dependability. All rheostats available with de- 


tent ‘‘off'’ position and solderiess quick-connect terminals. 


Available Nation-wide at authorized H-H distribu 
tors. Call or write for catalogs and complete information. 


The Mark 
of Quality 
since 1924 


{ set ow 
CATALOG 
(asus corr 


HARDWICK, HINDLE : INC 


40 HERMON ST., NEWARK 5, NEW JERSEY 
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available with. terminals. Universal 
card contains 22 fingers to fit stand- 
ard plug-in, right-angle or swage-type 
connector with 0.156-in. spacing. May 
be sheared to any size. U. S. Engi- 
neering Co., 13536 Saticoy St., Van 
Nuys, Calif. 

Circle 628 on postcard at end of book 


MODULAR D-C 
POWER SUPPLIES 


Ten power supplies with outputs rang- 
ing from 28 volts d-c at 2 amp, to 500 
volts d-c at 300 ma are available with 
silicon rectifiers. Nine supplies avail- 
able for 50- to 400-cycle operation, the 


tenth is for 60-cps input only. Output 
currents for 28-volt models are 2, 5, 
and 10 amp (Models 21-101 through 
21-103). Outputs of Model 22-102A 
through 22-109A are 150 volts d-c at 
70 ma, 250 volts at 70 ma, 300 volts 
at 70 ma, 300 volts at 150 ma, 400 
volts at 200 ma, 500 volts at 300 ma. 
respectively. Dressen Barnes Corp., 250 
No. Vinedo Ave., Pasadena, Calif. 
Circle 629 on postcard at end of book 


STEPPING RELAY 


Model CS relay may be supplied for a 
choice of 2, 3, 4, 5, 6, 9, 10, or 12- 
position single-pole, continuous rotation 
switching in either shorting or non- 
shorting versions. Units can be supplied 
for operation on all voltages up to 230 
volts a-c and 110 volts d-c; standard 


contacts will switch 0.25 amp and 


- 


carry 5 amp. Optional auxiliary con- 
tact stack can be mounted on relay. Re- 
lay is suited for use in counting, scan- 
ning, information storage, and other 
applications where sequential switching 
is required. Unit measures 3% long, 
134 wide, and 1% in. high. Artisan 
Electronics Corp., 171 Ridgedale Ave., 
Morristown, N. J. 


Circle 630 on postcard at end of book 
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STANDARD 
PARTS 


no tooling 
cost 


CATALOG 


samples 


on request 


REDUCE eT COSTS 
Buy All Your Relays 
From One Source 


SRSA UMTS 


Encapsulated Cotton Interweave 


* FACTORY PRICES Bobbin Form Wound 
> IMMEDIATE Paper Interleave High Temperature 
DELIVERY Send us your coil 
4 White for Catalog C-10 specifications for quotation. 
baday 


TRANSFORMERS MADE TO ORDER 
ee ee ae meee ee A 


Box 186-8 West Chicago, Illinois 93 Main Street « Winsted, Conn, 
TWX West Chicago, Ill. 3464-U @ WUX 
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| Everybody brofits 
i --. because 


you 
; belonp. 


in this 
Picture! 


And you, the reader, get more Value from 
© magazine because both ¢ e advertisers 
editors, knowing What your Special oc. 
Cupation is and What your interests are, are 
etter able t repare advertising and edi- 


op 
toria] materia] that wil] be most informative 
and usefy] to you. 


What yoy can do 
n Order to sta 


. ; . , i d Advertisers frequently 
: : : i Zi to learn 

of such Information t Vv n : “eazine readers . 
i accuracy vouched for by a dici What king of articles and advertise. 


a . 
third Party, nearly 450 Publishers haye ;.- a pe sage Cooper, md ba 
Some 200 leading advertisers and advertising oa = tae you? — Y answering 

ae oes questions . in the Interest of better 
48encies in a NOn-profit Organization Called icati bet ahors and 
USinesg Publications Audit. nee ons between m 


: y Markets. 
The Purp< A is to assure advertisers 


ly checking and rechecking BUSINESS PUBLICATIONS 
na ber Publis sndeed dis. AUDIT of CIRCULATION, INC, 


420 Lexington Avenue New York 17,.N, Y. 


U are qualifie 
o receive it. 
tel] Whether he’s 


2 better Sales Story to 
advertisers because his m 


PUBLICATION s 


ING 
ELECTRICAL MANUFACTUR 





NEW 1960 CATALOG 


MEET ALL md 
THERMOSTATIC 4 


NEMAI2  ‘@ ." | ‘ Te Naa oN BS 


AND MANDATORY me 
2 to 180 Seconds 


Joint Industry Conference 1a 18 Actuated by 0 heater, they operate on 
AC, D.C, or Pulsating Current. { 
REQUIREMENTS ; — enh ii Hermetically sealed. Not affected by 
IN Te Pee ‘it 1 altitude, moisture, or climate changes, 
' Fi SPST only—normally open or closed. 
ONE UNIT! : ; 1 awe Compensated for ambient temperature 
a ' AAS changes from —55° to +-70° C. Heat- 
: } 4 ||. ers consume approximately 2 W. and 
: 0 ee ) | may be operated continuously. The units 
H. F. COX fabricates sheet metal | Sy a r \ ) F ore rugged, explosion-proof, long- 
ng Dae yi wre oe “ y | | ‘ | lived, and—inexpensive! 
SINGLE OR DOUBLE i | i Ala TYPES: Standard Radio Octal, and 
ssupeunaniin _ - - List Price, $4.00. 
SIZES ! I Standard Delays 
'Also— Amperite Differential Re- 
601 OTTAWA AVENUE lays: Used for automatic overload, ct PROBLEM? Send for i, 
FRETS RIED CE tervoogeervedercvren poncion, Bulletin No, TRBT 
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wow IVT 


TESTE 


Amperite Regulators ore designed to keep the 
| current in a circuit automatically regulated 
|. at o definite value (for example, 0.5 amp.) 
_...For currents of 60 ma. to 5 amps. Operate 
- on AC, D.C, or Pulsating Current. 


BATTERY VOLTAGE 


° 1 
VOLTAGE OF 24V ' WITH AMPERITE 
TTERY & CHARGER} VOLTAGE VARIES 
APPROX , ONLY 


{> <WIRES MARKED | 
/-2~ PERMANENTLY...) | 


" Hermetically sealed not affected by changes i 
METAL IDENTIFICATION TAGS OF | chide lonteccnt EEE ET WE chat 4 
EVERY DESCRIPTION FOR MARKING CABLES,| | | {igi compact, most inexpensive Uist 


LEADS, AND GROUPING WIRES... pee a 3 ae 
TERMINAL TAGS are rapidly replacing obsolete string and paper identi- j Write for 4-page Technical Bulletin b 


fication methods—they mark the end of identification problems! Made 


of aluminum, steel, brass, or zinc, in a variety of styles and sizes. 
TERMINAL TAGS are easy to apply, and are used in the manufacture 
of aircraft, radios, telephones, motors, generators, etc. They can be 
stamped or embossed to customer specification. 

FREE SAMPLES AND LITERATURE UPON REQUEST 


NATIONAL BAND & TAG CO. 561 Broadway, New York 12, N.Y CAnal 6-1446 


P.0. Box 9-254, NEWPORT, KY. PHONE COlenial 1-2035 In Canada: Atlas Radio Corp., Ltd., 50 Wingold Ave., Tor 
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PRODUCT INDEX for this issue 


Components, parts and materials described in this issue's editorial and advertising pages. 


Key: page number only indicates advertisement; letter “e” with page number indicates editorial mention. 


COMPONENTS, 
ELECTRICAL/ELECTRONIC 


Brakes—204, 205, 370, 399 

Capacitors—8, 32, 293, 365, 406e 

Choppers—382e 

Clutches—205 

Contact devices 
Brushes and brush holders—363 
Commutoators—396, 424 
Contacts and contact points—111, 126e 

315, 342, 378, 412 

Control systems—189, 204e, 206e, 207, 210, 
216e 

Cooling equipment—213e 

Electron tubes 
Glow lamps—213 
Special—304e, 352, 408e, 435 

Fans and blowers—186, 311, 346, 357e, 386, 
437 


Filters—238e, 314, 343 
Heating elements—247, 386 
Lights, indicotor—301 
Magnetic amplifiers—208 
Magnetic components 
Bobbins and core boxes—430 
Coils and windings—361 
Cores—139, 157, 333, 430, 442 
Permanent magnets—96, 110e, 148 
Meters, panel—332, 358e, 418 
Microwave devices—92e, 394e, 419e 
Potentiometers—358e, 392e 
Printed circuits— 352e, 430 
Protective devices 
Circuit breakers—187, 401 
Thermal—408, 439 
Relays 
General purpose—?87, 305, 307, 357e, 
391, 402, 406, 447 
Industrial—322, 402, 422, 424e 
Mercury—310, 355, 3€8e 
Special—211, 302e, 344, 367, 406, 406e, 
430e, 432e, 447 
Telephone—3%6e, 402, 444 
Time delay—289, 336, 402, 431, 435, 448 
Resistors—312, 334, 420e, 426, 432, 443 
Seals and terminals, hermetic—402e 
Semiconductor devices 
Controlled rectifier—379, 416 
Photocells—9 
Rectifiers and diodes—8, 313, 349, 364, 
371, 388, 39le, 393, 400e, 411, 412e, 
416, 438 
Thermistors—27, 317, 374 
Thermoelectric devices—28le 
Transistors—339, 359e, 392, 396e 
Varistors—374 
Servo components—Back cover, 165e, 192, 
200e, 201, 204e, 208e, 304, 382e, 427 
Shielding devices—116e 
Solenoids—425 
Static switching elements—405 
Switches 
Controllers and contactors—203, 328, 356, 
357, 383, 394e, 422 
Limit—28, 295, 301, 350, 376e, 410, 445 


436 


Mercury—336 
Pressure—294e, 419e 
Proximity—206e 
Pushbutton—20, 301, 318, 380e, 445 
Rotary—358e 
Snap action—301, 352e, 366 
Special—294e, 302e, 356e, 357e, 3606e, 
362e, 389, 445 
Toggle—301, 369, 428, 445 
Timers—205, 210, 213e, 216, 448 
Transducers 
Special—419 
Pressure—357e 
Transformers 
Electronic—240e, 343, 380, 397, 400e, 402e 
Industrial—202 
Valves, solenoid—360e, 364e 
Wire and cable—142e 
Cooxial—84, 414 
Hookup—84 
Magnet—23, 84, 90, 98, 110e, 117, 120, 
125, 130, 138e, 143, 149 
Wiring devices 
Cable clamps and clips—Inside back cover, 
288, 386e, 412e, 431 
Connectors—355, 377, 390, 404, 407, 419, 
423 
Cord sets—348 
Duct, raceways—404 
Eyelets—362 
Grommets—330 
Plugs and ja-ks—318, 424 
Terminals—327, 330, 362e, 375, 389, 412, 
423 


Terminal blocks—425 


COMPONENTS, 
MECHANICAL/STRUCTURAL 


Actuators—292e 

Bearings—1, 30, 270e, 323, 352e, 355e, 356¢, 
360e, 365e, 381, 408e, 424 

Belting—356e 

Bushings—330 

Casters—374e 

Ceramic parts—126 

Counters—382e, 403 

Couplings—355e, 356e, 358e, 392e, 424 

Fasteners 
Bolts and nuts—309, 396e, 426e 
Pins—441 
Quick-operatino—355e, 357e, 386e, 409 
Rivets—352e, 356e 
crews—291, 299e, 309, 356e, 360e, 380e, 

413, 431, 437 

Gears—378 

Governors—358 

Housings and enclosures—12, 316, 329, 357e, 
358e, 382, 433 

Knobs, handles—389, 424 

Mounting hardwore—260, 426e 

Nameplates—353, 376e 

Plastics parts—I04e, 124e, 142e, 360e, 433 

Pulleys—370e, 380, 395 

Rings, retainer—396 


Roller chains—352e 


Seals and gaskets—102e, 116e, 355e, 3606, 
420e 


Shock mounts—355e 
Sprockets—352e 
Universal joints—395 


COMPUTERS AND 
COMPUTING COMPONENTS 


204e, 247, 252e, 294e, 302e, 405, 408e 


DRAFTING MATERIALS AND 
EQUIPMENT 


Copiers—257 
Tracing cloth—84 


DRIVES 


Electrical—189, 193, 195, 200, 204e, 206e, 
209, 347 
Mechanical—206e, 352e, 395, 424e, 440 
Variable speed—linside tront cover, 191, 
196, 206e, 210e, 212e 


INSTRUMENTS AND TEST 
EQUIPMENT 


Amplifiers—214e, 216e, 249e 

Calculators—249 

Meters—259, 358e 

Oscilloscopes—259e 

Power supplies—214e, 217, 241, 243, 246, 
247, 252, 305, 432e 

Recorders—18, 218, 248, 248e, 245, 256, 
257e, 259e 

Shock and vibration—248e, 250e, 25le 

Special test equipment—199e, 240e, 242e, 
244, 247, 248e, 249e, 250e, 251, 25le, 
252e, 257e, 258, 258e, 260 

Tachometers—248e 


MATERIALS, 
ELECTRICAL/ELECTRONIC 


Conductive materials—104, 136e, 140 
Contact materials—111 
Insulation and dielectrics 
Casting resins—70e, 95, 102e, 106e, 110e, 
112, 128, 135, 154 
Ceramics and glass—13, 27, 109e, 112e, 
113, 130e, 137, 154, 159 
Fabrics—83, 91, 136e, 138e, 155 
Flexible films—93 
Laminates—14, 82, 88, 100e 101, 106, 
109e, 116e, 120e, 121, 130e, 132e, 134, 
138, 138e, 148, 153 
Molding compounds—81, 102e, 103, 110, 
118e, 119, 128e, 130e, 131, 150, 153 
Paper—100e, 109, 132e, 159 
Tape—26, 93, 102, 105, 126e, 133, 136e, 
147, 152, 156 
(Continued on page 438) 
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Here’s your fast, dependable source for Miniature Headless 
Slotted Set Screws. Available in sizes #0 through #4 in a 
wide selection of materials, finishes, lengths and points. These 
miniature set screws are made to the same accuracy and high 
quality standards as regular size Moore Set Screws. 


Moore prices are right. Send for detuils. 


1 ORO? : 8 2 George W. Moore, Inc. 


since 1880 
SE) 83 Beaver St., Waltham 54, Mass. 
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Service 


e If whatever appears anywhere in this 
issue, either in the editorial or advertising 
pages, stimulates a desire for additional 
information, it is only necessary for read- 
ers to record their interests on any one of 
the postcards at end of book, in the man- 
ner suggested. The publisher will func- 
tion for readers, immediately contacting 
the sources for the data requested, or 
forwarding reprints. 


ww RAINGERINC 
Specialists cn 
ELECTRIC MOTORS 


4000 Items in Stock 


SRE LSS 


ERC 
VAY 
BLOWERS 
EXHAUST FANS 
SUH fy 
HEATING EQUIPT. 
AIR COMPRESSORS 
POWER TOOLS 


buyers. 


PROMPT DELIVERY. Warehouses 
and sales offices coast-to-coast (see list 
below.) All fully stocked for pick-ups or 
24-hour shipping service. 


SALESMEN at each office available for 
help and guidance. 


WHOLESALE ONLY. Free net price 
catalog sent only when requested on 
letterhead. No consumer requests hon- 
ored. O.E.M. prices available for quantity 


188 PAGE CATALOG and buying 
guide. Includes detailed descriptions 
on over 4000 items. Lots of technical 
and application data. Request your 


free copy. 


ALABAMA 

BIRMINGHAM 4e 701-6th Ave. N. 
ARIZONA 

PHOENIX e 1022 N. 21st Ave, 
ARKANSAS 

LITTLE ROCK e@ 1805 Scott St. 
CALIFORNIA 

LOS ANGELES 33¢ 1401 E. 3rd St. 

OAKLAND 7¢ 2200 Adeline St. 

SAN DIEGO 160144 W. Market St. 


SAN FRANCISCO 10¢519 Potrero Ave. 


COLORADO 
DENVER 5¢ 2520 Larimer St. 
CONNECTICUT 
HARTFORD e (After May 1960) 
DISTRICT OF COL. 
WASHINGTON 18 ¢ 1860 Adams, N.E. 
FLORIDA 
JACKSONVILLE 6035 W. 12th St. 
MIAMI 37 © 2727 N.W. 2nd Ave. 
TAMPA e 1509 Cypress St. 
GEORGIA 


ATLANTA 161046 Memorial Dr., S.E. 


ILLINOIS 
CHICAGO 12¢ 2330 W. Adams St. 


MELROSE PK. e 1660 N. Mannheim Rd. 


INDIANA 
INDIANAPOLIS 2¢1714 E. Riverside 
SOUTH BEND 18¢1133 So. Main St. 


OWA 
DAVENPORT @ 1215 E. River St. 


DES MOINES 14066 Washington Ave. 


KANSAS 

WICHITA § ©1201 N. Mosley St. 
KENTUCKY 

LOUISVILLE 3¢ 120 S. 12th St. 
LOUISIANA 

NEW ORLEANS 25 4513 Eve St. 

SHREVEPORT 2031 Texas Ave. 
MARYLAND 

BALTIMORE 30¢ 800 S. Hanover St. 
MASSACHUSETT: 

BOSTON 2584 Lincoln St. 
MICHIGAN 

DETROIT 301701 E. Mc Nichols Rd. 


GRAND RAPIDS 3¢ 545 Grandville S.W, 


MINNESOTA 
MINNEAPOLIS 4¢ 1818-4th St. S. 
MISSOURI 
KANSAS CITY 8 1629 Broadway 
ST. LOUIS 3¢ 2110 Pine St. 


NEBRASKA 
OMAHA 2¢ 1516 Webster St. 
NEW JERSEY 
NEWARK 2¢ 355 Mulberry St. 
NEW YORK 
ALBANY 6¢ 20 Colvin Ave. 
BUFFALO 4¢ 105 Ash St. 
NEW YORK 13533 Canal St. 
SYRACUSE 6¢ Tarbell Rd. 
NORTH CAROLINA 
CHARLOTTE 3¢ 1216 S. Mint St. 


HIO 

CINCINNATI 6 2400 May St. 

CLEVELAND 142150 Hamilton Ave. 

COLUMBUS 15¢ 400 E. Livingston Ave. 

DAYTON 2¢222 Washington St. 

TOLEDO 2¢520 Southard St. 

YOUNGSTOWN 2¢ 16 Pyatt St. 
OKLAHOMA 

OKLAHOMA CITY 2¢316 E. Grand Ave. 
OREGON 

PORTLAND 17¢ 2410 N. Mississippi 
PENNSYLVANIA 

ALLENTOWN @ 723 E. Green St. 

PHILADELPHIA 43215 Spring Garden 

PITTSBURGH 13812 Penn Ave. 
RHODE ISLAND 

PROVIDENCE 5 236 Georgia Ave. 
TENNESSEE 

KNOXVILLE 173528 Broadway N.E. 

MEMPHIS 3¢339 So. Front St. 

NASHVILLE 4¢210-17th Ave. N. 
TEXA 

DALLAS 10¢ 2425 Ferris St. 

EL PASO 1100 E. Missouri St. 

FT. WORTH 301119 W. 5th St. 

HOUSTON 1401409 St. Emanuel St 

SAN ANTONIO 2606 E. Crockett St. 


UTAH 

SALT LAKE CITY 16¢6527 No. 3rd W. 
VIRGINIA 

NORFOLK 8¢835 W. 44th St. 

RICHMOND 20¢ 1427 W. Cary St. 
WASHINGTON 

SEATTLE 4¢ 1001-9th Ave. S. 

SPOKANE 1¢W. 22 Main Ave. 
WEST VIRGINIA 

CHARLESTON e@ 1037 Central Ave. 
WISCONSIN 

MILWAUKEE 40136 E, Walker St. 


WW ORAINGER_INC. 


Dept. 119-B GENERAL OFFICES, CHICAGO 12 
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Tarzian high-current line combines 
thermal efficiency with mounting 


versatility and optional base polarity 


The low junction current density of Sarkes Tarzian’s high- 
current silicon power rectifiers results in longer, more reliable 
operating life. Compare these key Tarzian values with those of 
other comparably rated units, and you'll see why Tarzian 
rectifiers have won such wide acceptance among designers: 


JUNCTION | THERMAL GRADIENT JUNCTION 
DC CURRENT SIZE (Junction to base) TEMP. RISE 


35 amps -375 inch 9° Centigrade 60°C Maximum 
100 amps -75 inch 5° Centigrade 60°C Maximum 
150 amps -875 inch 7° Centigrade 60°C Maximum 
200 amps 1.0 inch 9° Centigrade 60°C Maximum 

*250 amps 1.125 inch 11° Centigrade 60°C Maximum 
*Avallabie with stud mounting only 


In addition to providing for maximum cooling and larger junction 
area, Tarzian’s unique case styling produces a compact, 

easily mounted rectifier available in flush or stud mounting types. 
Tarzian high-current silicon power rectifiers are also available 
from stock in your choice of negative or positive base polarity. 


For complete specifications and ordering information, 
contact your Sarkes Tarzian sales representative or write to 
Section 4574 L, Sarkes Tarzian, Inc., Semiconductor 
Division, Bloomington, Indiana. 


SARKES TARZIAN, INC. 


SEMICONDUCTOR DIVISION 
BLOOMINGTON, INDIANA 
én Canada: 700 Weston Rd., Toronto 9, Ontario 
Export: Ad Auriema, inc., New York City 


Circle 417 on Inquiry Card 








Tubing—93, 106e, 118, 138e, 158, 321, 
374e 
Varnishes—135, 145, 151, 159 
Magnetic materials—76e 
Electrical steel—19 
Ferrites—109e 
Solder and flux—102e, 109 


MATERIALS, 
MECHANICAL/STRUCTURAL 


Abrasives, adhesives, cements, detergents, 
sealants, waxes—100e, 102, 112e, 116e, 
120e, 136e, 154 

Marking devices—354 

Metals 
Alloys, general—104e, 106e, 400 
Aluminum—85, 87 
Copper, brass, bronze—127 
Indium—110e 
Nickel and Ni-alloys—142e, 146 
Steel—109e, 112e, 114 
Tin—96 


| Metal forms 


Clad metals—102e, 129, 132 
Tape—108, 132, 141 
Thermostatic bimetal—126 
Tubing—106e 
Wire—132 
Non-metallic materials 
Ceramics—100, 116e 
Elastomers—97, 104e, 124 
Felt—104e, 144 
Graphite—4, 106e 
Lubricants—102e, 110e, 126e, 132e 
Plastics compounds and resins—59e, 81, 
100e, 102e, 118e, 124e, 116e 
Protective coatings 
Chemicals—22 


MOTORS AND GENERATORS 


Fractional-hp motors—203, 298, 319, 341, 
357e, 373, 437 
Gearmotors—198, 208e, 325, 335, 341, 
346, 399, 414e, 440 
Generators—212, 357e, 374 
Integral-hp motors—25, 198, 203, 265e, 
312, 319, 392e, 415, 437 
Special—Inside front cover, 198, 203, 214, 
290, 324, 331, 337, 341, 345, 364e, 368, 
370e, 384, 394, 399, 410, 414e, 448 


PRODUCTION EQUIPMENT, 
TOOLS 

Coil winding—404 

Lacing tape—110 

Layout fluid—154 

Marking devices—142, 435 

Pliers—420 

Processing equipment—94, 124e, 354, 368e 
Wire strippers—154, 440 

Wiring machines—86, 362e, 423 


SERVICES 

Coil winding—423, 433 

Metal fabrication—31, 123, 365e, 366 
Misc. fabrication—16, 112e, 207, 376, 431 
Plastics fabrication—148, 392, 433 
Transportation—15 
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You add to Product Reliability of your 
motor driven equipment when you 


use motors with KLIXO F 
TOTAL PROTECTORS 


Mm eC 


I 
Refrigeration 


BP 
Protectors 


Klixon Total Protectors available 
to meet your exacting protection 


The heart of motor driven equipment is the motor; 
if it fails the product is useless until the motor is re- 
paired or replaced. You can safeguard your equipment 
and at the same time add extra value to your products 
by specifying and using motors with built-in KLIxon 
Total Protectors. 

The advantages to you and your customers are 
many motors operate at safe maximum output... . 
motor repairs, replacements and service calls are 
greatly reduced . . . customer satisfaction is main- 
tained. 

For example, a recent motor repair shop survey 
shows that refrigeration motors with built-in KLIxon 
Protectors reduced burnouts by 90%. 

Protect your motor driven equipment by using 
motors with built-in KiLixon Protectors. The addi- 
tional cost is low . . . the savings high. Ask your motor 
supplier for complete information or write for Bulletin 


MOPR-4, 


°o 
Over 200,000,000 motors 
are protected against 
overheating and burning 
out with Klixon Protectors Z 


requirements against these con- 


RCV LOL Sein or wihou 


high ambient or ventilation blocked. 


aT rm 1 Tes 2. Locked rotor normal voltage such as 
caused by mechanical failure of driven 


load. 

3. Locked rotor caused by low voltage 
where decreased torque is insufficient 
to start load. 

4. Locked rotor with main winding only 
in circuit resulting from open circuit start 
switch or open circuit in reversing switch. 
5. Locked rotor with start winding only 
in circuit, such as that resulting from an 
open main winding circuit or open cir- 
cuit reversing switch. 

6. Running with both start and main 
windings in the circuit resulting from 
start switch failure in closed position 
or low voltage which prevents reaching 
switchover speed. 


TEXAS INSTRUMENTS 


INCORPORATED 
METALS & CONTROLS DIVISION 


3605 FOREST STREET . ATTLEBORO, MASS. 


SPENCER PRODUCTS 


Spencer Products: Kiixon® Inherent Overheat Motor Protectors « Motor Starting Relays + Thermostats «+ Precision Switches + Circuit Breaker@ 
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PRODUCTION 
WIRE se 
Meet More Needs — 


Solve More Problems 


IDEAL Production Strippers are generally | 


known as “the fastest on the market.” What- 
ever your needs, even if you don’t consider 
them problems, an IDEAL Stripper will give 


you better work, faster and cheaper! Below | 
is solid evidence — a condensed list of wire | 
stripping needs that IDEAL Strippers are | 


called upon to fill every day: 


R, RF, CF, AF, Radio Hook-Up, Lead-In 
Wires, etc., up to 7/16” in diameter .. . 
Any cotton, silk, synthetic (plastic) insula- 
tion or rubber coverings from fine stranded 
or solid conductors up to 7/16” in diameter 
. . . Plus most types of Film Insulated Wire 
(AWG #50 to AWG #0) as close as 
4” from the body of the winding or coil 
form. 


Shown are just two widely used models. Six 
other models and types are also available for 
any degree of specialized stripping you need. 
We'll be glad to “prescribe” — see below. 


TWIN CONE TYPE 


—_ 


Quicker, cleaner stripping of 
all types of film insulation. 
Wire size AWG #50 to #25. 
REPLACEMENT WHEELS: 


For ~~ production 
IDEAL offers top quality at 


stripping of most types of 
single conductors, solid or | less cost per pair than the 
stranded wire up to a maxi- | average of other good quality 
mum of 3/8” outside diameter. | wheels. 


FREE CONSULTING SERVICE 
— SEND US SAMPLES OF YOUR WIRE 


We'll put your wire samples through our Test Laboratory and 
return them to you with a written report, showing you our 
findings as to the best type and model IDEAL Stripper to meet 
your needs most exactly. Send us your samples now. 


Sold through America's Leading Distributors 
In Canada: Irving Smith, Ltd. Montreal 


IDEAL INDUSTRIES, Inc. 
1008-E Park Avenue, Sycamore, Iilinels 
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will this solve 
your motor problem? 


Carter ‘Classic’ f.h.p. GEARMOTOR 
10 single and double reduction models, 
10 to 750 r.p.m., 1 to 4 Ib. in. torque. 
Universal, shunt or series motors 12 v. 
to 220 v. input. Size 6 x 37; x 33%” 


Governor available. Prompt delivery. 
Liberal O. E. M. discounts. 


Write for 
Prices and 
Specifications 


2708 W. George St. Chicago 18 
Phone JUniper 8-7701 


_ Sales Officespin. Principal Cities 


Circle 420 on Inquiry Card 


different 
motorized 
speed reducers 


available from stock 


Yes! 956 different combinations of Perfection Motorized 
Worm Gear Speed Reducers are available for immediate 
delivery, from stock. Ratios range from 5 to 1 to 60 to 1, 

A jties from — to 5 H.P. 


No. M- 140. 
Licensed under Pat. 2,868,031 


AMERICAN STOCK GEAR Division 


PERFECTION GEAR COMPANY HARVEY, ILLINOIS 
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Rollpin replaces 12 different fasteners 


| 


REPLACING A GROOVED PIN... 
in this application, Rollpin 
serves as a stop pinina 
ratchet wrench adaptor. With 
its light weight and high shear 
strength, Rollpin functions 
perfectly . . . cuts assembly 


REPLACING A KEY... Rollpin 
demonstrates its ability to do 
away with precision toler- 
ances, in this heating system 
damper arm. Faster, cheaper 
and more satisfactory than 
previous assemblies. 


REPLACING A RIVET SHAFT... . 
Rollpin serves as an axle for 
the sparkwheel of a cigarette 
lighter. No riveting or thread- 
ing necessary . . . faster as- 
sembly. Note flush, clean fit. 


REPLACING A COTTER PIN... 
Rollpin assembly time is 
shorter, service life ten times 
longer. Vibration-proof flush 
fit. Easily removable. 


REPLACING A SET SCREW... to 
fasten automobile brake han- 
dle a short length Rollpin is 
self-retained in the hand grip 
but can easily be driven into 
over-drilled hole in shaft for 
simple handle removal. 


REPLACING A CLEVIS PIN... here 
Rollpin holds firmly in clevis, 
permits free action of moving 
member. Rollpin application 
shown is the plate of a home 
workshop tool. 


REPLACING TAPER PINS . . . in 
the assembly of precision dif- 
ferentials eliminated cost of 
taper pin reamers and the en- 
tire reaming operation. Roll- 
pin costs less than a taper pin 
and installation is cheaper. 
They remove easily. 


REPLACING A HEADED PIN ... in 
this hinge pin application, 
Rollpin is simply and inexpen- 
sively driven in place, greatly 
reducing assembly costs. Con- 
stant spring tension holds 
Rollpin firmly in place... 
eliminates loosening of hinge 
due to wear. 


REPLACING AHUB ON AGEAR... 
Rollpin, self-retained in shaft, 
is simply snapped into mold- 
ed slot to position sintered 
gear. This application, by an 
office equipment manufac- 
turer, effects major savings in 
assembly. Rollpin’s high shear 
rh. strength is particularly valu- 
able here. 


REPLACING A DOWEL PIN... 

® Rollpin is used here to pre- 
vent rotation of a thrust bear- 
ing. No reaming, no special 
locking. Easily removed. 
Lowest possible dowel pin 
cost. 


REPLACING A BOLT AND NUT... 
Rollpins act as fasteners and 
pivots for the linkages in this 
electric welder. Rollpins may 
be used with a free fit in outer 
or inner members depending 
upon product design require- 
ments. 


REPLACING A RIVET... — 
serves as guide shaft for 
spring-loaded electrical inter- 
lock contacts: This electrical 
equipment manufacturer re- 
ports that rivet failure pre- 
viously occurred at the 
clinched end under normal 
operating impact and vibra- 


WHERE CAN YOU USE 
THIS SIMPLE FASTENER? 


Rolipin is the slotted tubular steel pin with chamfered ends 
that is cutting production and maintenance costs in every class 
of industry. 

Drives easily into standard holes, compressing as driven. 
Spring action locks it in place—regardless of impact loading, 
stress reversals or severe vibration. Rollpin is readily remov- 
able and can be re-used in the same hole. Made in carbon steel, 
stainless steel and beryllium copper. Write for samples and 
information, ELASTIC STOP NUT CORPORATION OF AMERICA. 
2330 Vauxhall Road, Dept. R47-422, Union, New Jersey. 
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ELASTIC STOP NUT CORPORATION OF AMERICA 


2330 VAUXHALL ROAD, UNION, NEW JERSEY 
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SQUARE-LOOP 
TAPE CORES 
TO MEET YOUR 
TOUGHEST 
SPECIFICATIONS 


Speed your specs to Dynacor 
when you want square-loop tape 
cores to exact requirements—fast! 
Here you'll find a dependable 
combination of personnel, expe- 
rience and facilities ‘se know- 
how to deliver parameters to 
your very tightest tolerance re- 
quirements for switching time, 
flux, and noise. 

Dynacor Square-Loop Tape 
Cores are manufactured with the 
high permeability alloys—Grain- 
Oriented 50-50 Nickel Iron, 4-79 
Molybdenum Permalloy, and 
Grain-Oriented 3% Silicon Iron 

with fully guaranteed uni- 
formity ... under rigid standards 
of control and inspection, 

Look to Dynacor for reliable 
production and swift delivery of 
your tape core requirements. For 
your convenience a full line of 
standard units are stocked for im- 
mediate off-the-shelf delivery— 
Send for bulletins DN 2000, DN 
2001, DN 2002. 


DYNACOR, 
A SUBSIDIARY OF SPRAGUE ELECTRIC CO. 
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Boalt tel 
RHEOSTAT 

YOU CAN 
STAKE YOUR 
REPUTATION ON 


bel ORT 189 


300 watt 


From 25 to 300 watts these VITROHM ring rheostats 
are engineered for longest life, maximum reliability 


To be sure about smooth, trouble-free 
control in the 25- to 300- watt range— 
just specify a VITROHM rheostat. 

You get smooth control: Close-laid 
turns (A) of special high-stability, low- 
temperature-coefficient wire or ribbon to 
insure smooth gradual resistance change 
from zero to maximum. 

You get reliability: VITROHM ring 
rheostats are engineered for permanence 
from highest-grade ceramic base and 
core (B), durably bonded, tinned-alloy 
terminals (C), to final craze-proof, shock 
resistant, long-lasting VITROHM bond- 
ing (D). 


Write for list of stocking distributors. 


MAY 1960 


You get positive action: Self-lubricat- 
ing twin-shoe contacts—exclusive with 
W/L—on balanced beryillium copper con- 
tact arm (E) eliminate backlash, con- 
tribute to smooth operation, minimize 
wear on resistance wire (A), assure 
positive contact to collector ring (F). 

You get many more features than we 
can detail here. Check them all in W/L 
Bulletin 60RR (and, above 300 watts, 
check “plate rheostats” in Bulletin 60A). 
Either bulletin, yours for the asking. 
Ward Leonard Electric Co., 34 South St., 
Mount Vernon, N.Y. (In Canada: Ward 
Leonard of Canada, Ltd., Toronto.) 9.6 
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ELECTRIC COMPANY 
MOUNT VERNON, NEW YORK 


LIVE BETTER...E/ectrically 


BR culo- EE ryixcored Coitiols Since 1892 
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RELAYS 


... to meet your 
electromechanical 
switching needs 


These are the very same twin- 
contact relays proven outstanding- 
ly successful through many years 
of precise, exacting operation in the 
telephone industry. 

The following regular types are 
representative of our complete line: 


Type A: a general-purpose relay 
with up to 20 Form “A” spring 
combinations. 


Type B: a gang-type relay with up 
to 60 Form “A” spring combina- 
tions. 


Type BB: accommodates up to 100 
Form “A” spring combinations. 


Type C: two relays on the same 
frame. A must where space is at a 
premium. 


Type E: same characteristics as the 
Type A, plus universal mounting 
arrangement. Interchangeable with 
many other makes. 

Types A, B and E are available 
in high-voltage models (insulation 
withstands 1500 volts A.C.) for test 
equipment and other high-voltage 
applications. 

Details and specifications are 
in our complete relay catalog, 
available on request. Write to Tele- 
communication Industrial Sales. 


STROMBERG -CARLSON 
a ovision of GENERAL DYNAMICS 


117 Carlson Road « Rochester 3, N. Y. 
op ELA A A TE ACRES RE 
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A Design Guide to the 
Analysis and Synthesis of 
Switching Circuits and Logic Systems 


Electrical Manufacturing’s 


comprehensive 5-article series on 


Boolean Algebra 


now reprinted for the second time 
to meet reader demand! 





An invaluable technique—boolean algebra—for every engi- 
neer who needs to analyze or synthesize switching systems in 
any medium, or design circuits directly from specifications. 








In this reprint booklet—handy for home study—EvLectricaL 
MANUFACTURING has brought together the complete series of 
tutorial articles by Boris Beizer and Stephen W. Leibholz, 
originally published in these pages, May—September, 1958. 


Here’s a quick run-down on the subjects covered: 








e Language and Laws of Boolean Algebra—Starting at the begin- 
ning, the authors examine the basic concepts of boolean algebra as 
a system engineer's tool for understanding and designing electrical, 
mechanical and hydraulic switching systems. 


e Analyzing Combinational Circuits by Boolean Matrices and 
Karnaugh Maps—lIlere the authors deal with procedures for (1) de- 
riving the boolean function of multipath switching and (2) visualiz- 
ing and simplifying the boolean expression for any logical circuit. 


Company 


e Analyzing Specifications and Designing Circuits—Advancing a 
step further, the authors tell how to transform a set of requirements 
into synthesis maps for correcting contradictions or ambiguities, 
and how to synthesize the boolean functions of the final circuit from 
the corrected map analyses of the specifications. 


ORDER FORM 


e Circuit Design Using Boolean Matrices and System Synthesis 
Using State Coding—Ilere the authors examine still other methods 
for achieving circuit simplicity, through use of boolean matrices. 
They explain how to draw state diagrams detailing desired switch- 
ing sequences. 


@ Designing Sequential Circuits—When a circuit possesses “mem- 
ory,” the techniques of analysis and synthesis used for combina- 
tional circuits must be augmented. So here the authors deal with 
the two sets of equations that must be derived, one set describing 
each output, the other describing each internal secondary (feed- 
back) control. 


To round out this informative series an appendix has been in- 
cluded dealing with Tabular Reduction Techniques; also a selected 
bibliography containing 106 references to related articles. 


check) for ——_———_—_—-——copies of the 


68-page design compendium, “ENGINEERING APPLICATIONS 


OF BOOLEAN ALGEBRA." Mail copies (postpaid) to: 


ORDER COPIES FOR THE STAFF! 


Engineering Applications of Boolean Algebra is published in an 
attractively bound edition of 68 pages, size 8%” x 11”. Nominally 
priced at $2.00 per copy; $1.80 each on orders for 5 to 25 copies. 
See page 340 for listings of Basic Science Reprints and other 
Design Compendiums. 


205 East 42nd Street, New York 17, N.Y 


Enclosed is our remittance 


ELECTRICAL MANUFACTURING 





NOW AVAILABLE 


—a Permanent Binder 
for your Reprint Copies 
of ‘Science & Engineering” 


Readers who treasure the monthly "Science & Engineering" 
insert series have been urging us to provide a special binder 
to preserve their reprint copies. They asked that it be du- 
rable and distinctive, yet inexpensive. 


We've met all three of these specifications in the binder 
shown above. It's made of flexible, Morocco-grained leather- 
ette of a rich maroon color, with title stamped in gold. The 
standard 1!/, inch rings will accommodate about twenty 
S & E reprints—the ones you'll want to keep on tap for on- 
the-job reference. 


Use Order Form below. You may also combine with an order for S&E re- 
prints by using form on page 


Reader Service Department 
ELECTRICAL MANUFACTURING 
205 East 42 St., New York 17, N.Y. 


Please send Special Binder for reprint copies of "Science & Engineering.” 
Enclosed is [] check; [] cash, in amount of $2.50. 


NAME .... 

TITLE OR DEPARTMENT ..... 
COMPANY 

ADDRESS 
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Sorensen & Co., Inc., A Sub. of Raytheon 
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Spectrol Electronics Corp, A . 

Sprague Electric Co. 32, 120, 314, 
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Dynamics 
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save time! save money! 
call your parts distributor for 


These important savings are yours when you order—from your Electronic Parts 
Distributor—P«B relays listed with Underwriters’ Laboratories, Inc. and Canadian 
Standards Association: 


SAVE TIME. You get fast, off-the-shelf delivery. Usually your order 
is shipped the day after it is received. And no waiting for U/L or CSA clearance 
. .. this has been done for you. Thus you get your project—and your product— 


off to a fast start! ’ Contact ' Contact 
ve Arrangement* — Arrangement* 
SAVE MONEY. You save the cost of getting relays listed with UL Se se. — i 

or CSA ...and you need have no big investment in shelf inventory, either. : PRITAY = OPDT 

Remember, you pay no premium over factory prices in quantities to 249. Votnopon 2:12.94 115, 250 eche 30/60 wee _ 
. : . : c re rated at: 25 amps, 115/230 V. AC 1 phase. 
More than 40 different standard P&B relays in 450 different coil voltages and con- toe 115/230 wh AC motors 1 io oe 
tact arrangements are available from the leading Electronic Part Distributors in ae EP comet spat, NG camel Rae SS Sotthe 
your area. For special applications, call your nearest P&B sales engineer. U/L File £22575 CSA File 15734 


Series 


AB Sert ss P . Ss; am) P 
eries Ge \ J ABC Series ‘¥-4, = KB Series 


> 


U/L File E29244 CSA File 15734 U/L File E29244 FP CSA File 15734 U/L File £29244 CSA File 15734 U/L File £29244 CSA File 15734 
For appliance and general purpose operations Medium duty power relay in dust cover. For Small, low cost, general purpose relay for Compact latch relay ideal for memory work 
requiring long life and quiet operation. Quick small motors, industrial controls and similar handling automation work, small motors, sole- and overload applications. Operates on 
connect terminals. Screw terminal adapters applications. Contact arrangement: DPDT. noids, other relays. Contact arrangements: momentary impulse to either coil. Contact 
also furnished with each relay. Contact Rated at 10 amps, 115 V., 5 amps, 230 AC SPDT, DPDT and 3PDT. Rated at 5 amps, at arrangements: 4PDT and 6PDT. Rated at 5 
arrangement: DPDT. Rated at 10 amps, 115 V., non-inductive by U/L and CSA, 115 V., AC non-inductive by U/L and CSA. amps ot 115 V., AC non-inductive by U/L 
5 amps, 230 AC non-inductive by U/L and CSA. and CSA, 


@) POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA 
IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO 
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Whether an interval is a month or a microsecond, you can measure 
it, divide it, record it, or use it for control with an A. W. Haydon 
Company custom-designed or standard timer. Every type, every 
size, every class ...timing motors, time delay relays, interval timers, 
repeat cycle timers...you name it, we make it. If you ever have a 
specific timing problem, the least you can do for yourself is get our 
literature.In fact, why not send for our Bulletin on the 14100 Series 
DC Motor (above) right now. This two-ounce sub-miniature 
DC Timing Motor is less than I" in diameter, 13%” long. Used to 
drive a miniature tape recorder in the Vanguard II weather satel- 
lite (expected to remain in orbit — 

Mt pare ds it represents the 
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Texas Instruments Incorporated, 


Metals & Controls Div. 111, 129, 439 
Semiconductor-Components Div. 359, 405 


Thomas & Betts Co., Inc., The 288 
Thomson Mfg. Co., Judson L. ... .. 315 
Tinnerman Products, Inc. im 409 
Toledo Commutator Co. = . 424 
Torq Engineered Products, Inc. r 358 
Torrington Manufacturing Co., The . 311 
Transitron Electronic Corp. pipe avin ee 
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gineering & Manufacturing Iac. .. 312 
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Corp. : 410 
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Co. Div. grsacs 363 
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U. S. Electrical Motors Inc. 
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Varflex Corp. 
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Vickers Inc., Div. of Sperry Rand Corp., 
Electric Products Div. sso SD, 

Victory Engineering Corp. 

Vulcan Electric Co. 


Wagner Electric Corp. 

Walker Co., George 

Ward Leonard Electric Co. 

Weldmatic Div. of Unitek Corp. 

Western Felt Works 

Westinghouse Electric Corp. 

Westinghouse Electric Corp. Semiconduc- 
tor Dept. .. 416, 

West Virginia Pulp and Paper Co., 
Board Products Sales . . 

Wheelock Signals, Inc. . . 

Wire Stripper Co., The 

Wisconsin Porcelain Co. 


Zenith Electric Co. 
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... flexible molded nylon cable hangers that solve almost any problem in wire 
and cable support, whether it’s STRENGTH (hold over 200 lbs.), WEIGHT (only 
30% of comparable metal clips), INSULATION (will not ground or short), 
ENVIRONMENTAL RESISTANCE (withstand temperatures from-60°F to 250°F, 
oils, gasoline, other fluids), PROTECTION (fully protect cable insulation) , RANGE 
(17 sizes for single cables or groups from !4%” to over 2” diam.). 


Get your free NYLOCLIP sample from OMATON DIVISION 


NORWALK, CONNECT. B.1.C.C. — Burndy, Prescot, Lancs., England « In Continental Europe: Antwerp, Belgium TORONTO, CANADA 
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A WIDE VARIETY OF BORES anD STACK HEIGHTS, widths and diameters 
available from existing laminations. Below are some examples. Let us know your needs. 


5 fe = + EA OR 


# q 
+0005 PES Ey 4 
-.0000 DIA 

= 
+0000 


S 2.6873 ~.0005 Dia 


ENGINEERS—Pioneer with a leader in the field. Write David D. Brown, Director of Personnel. Dept. A3 

















